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Cours« Description 

This ^iMt consists 
and allows students 

Lesson 1 

Lesson 2 

Lesson 3 
Lesson 4 

Lesson 5 

L^son 6 
Lesson 7 
Lesson 8 



i of seven wessons (each students wuh basic drafting skills more advanced techniques. .The material presents i leainifip by domg format 
'to practice through drawing plates which require application of the principles presented in the readings. \ ' 

Auxtittry i/ietvs teaches the student to use auxiliary planes of projection to show the true size and shape of plarii surfaces. 

lsom9trki Drawing explains how, to make isometnc drawings and how to acquamt their pictorial value to a nontechnical 
audience. ' ^ . ^ 1 ^ 



Screws, Bolts, Rivets, and Welds discusses how to draw comm5n fasteners used to connect assembled parts 



Detail andAssembiy Practices shows the retationshys between detgil and assen^bly (JrawmgS and the practices for ftlaking 



them. 



Intersections and Deve/oppients explains how to find the .ntersectior^of two geometric surfaces and how to draw all/surfaces 
of an object in their JJrolled-out-f lat" fo^m. * ^ *li 



' Machine Drawing discusses how to draw elementary mechanisms used tn the design of machines. 

— Architectural and Structural Drawing shows how to draw elementary architectural and structural drawings 

- 0 Msf} Drawing discusses- elementary methods of map drawing. 



Lesson 9. — • ^Drawing Reproduction covers commonly used methods for^ reproduction of drawings and points out the importance of ^pod 
draftVnanship to procifre good reproductions. ^ ' " \ 

Each lessoo contains obicctives* readings, review exergises, answers to' the exercises and practice drawings. This course was designed for students who have 
basic drafting Skills* It can be used for advanced work and student self -Jtudy and evaluation. , t ' 

. ■ • *' \ » ' 
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INTRODUCTION 



*ro mpet the ever-increasing demand for skilled technical personnel, 
the Army publishes training manuals for the guidance of all concerned. 
A basic technicaL education in me ' engineering sciences us necessary 
for the understanding ofx^jg^TmalKials. The description of the opera- 
tion, maintenance and repair of newly developed devices and apparatus, 
requires the use of engineering drawing. A student who has. acquired 
a clear understanding of the principles of engineering drawing, can pro- 
ceed to the adt^anced studies of the t^hnical training ihanuals. 

This subcourse , covers subject ni^ter not contained in Subcourse ' 
130, Engineering Drawing I. ^Foi^ mostt students the successful comple- 
tion of Subcourse 130 (or its equivalent) is essential and a prerequisite 
to the beginning of Subcourse 131.1 Thg practical exercises are designed* 
so that a student may "learn by doing" through drawing plates which 
require an application of the principles presented in the attached memo- 
randum. , » 

The subcourse consists of nine ^essons and an examination jk^follows^; 
Lesson 1. Auxiliary Views. 

2. Isometric Drawing. 

3. Screws, Bolts, Rivets, and Welds. ^ 

4. Detail and Assembly Practices. 

5. Intersections and Developments. 

6. Machine Drawing. • 

7. Architectural and Structural Drawing. 

8. Map Drawing. • . ^ 

9. Drawing Reproductibn. 
Examination. 

Twenty-eight credit hours are allowed fbr this subcourse. 
■ ■• 

You will not be. Iimite4 to the number of hours you may spend in 
the solution of any lesson of this subcourse, or the examination. For 
statistical purposes, 'however, yousire required to enter in Ihe proper 
space on the answer sheet the number t)f hours spent on each lesson, : 
including the time in study of the textual material. 

Materials furnished: 

Drafting kit. ' ^ ' , 

Practice plates: A, D, G. I, K,.L, O, ^nd R. 
Exercise plates: B, C, E, J, M, N, P, *S, and T. 

' i 
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The drafting kit (except f^r the ex^^endable items — pencils, ruby 
eraser, art gum, sandpaper block, and drafting tape) must be returned 
after you have been notified in writing that you have successfully com- 
pleted tJpJ^subcourse. DO NOT return it before bemg requested to do so. 

The practice plates will enable you to determine for yourself just 
how well you are progressing. If you feel that you need more practice - 
than provided in the practice exercises, it is suggested that you obtain 
a suitable sketch pad (9^' x 12") from an art supply or statipnery store. 
The practice plates are for your own use only. DO NOTlsend them with 
your answer sheets. . \ 

Id^n answer sheets are bound in reverse order at the back of this 
book. Be sure that the lesson number -on the answer sheet is the same 
as the lesson you are working on. The examination will be sent to you 
after you have successfully completed all the lessons. 




/ 



i3 



n 



ERIC 



LESSON 1 



AUXILIARY VIEWS 
CREDIT HOURS 3, 

TEXT ASSIGNMENT Attached memorandum. 

MATERIAtS^ REQUIRED Drafting kit and plates A, B, C. 

LESSON OBJEaiVE f^each' you the use of auxilicfry planes 

of projection to show the true size and 
shape of plane surfaces, 

I SUGGESTIONS Study the attached. memorandum and pay 

carefi/l attention to the figures accom- 
panying the text- 
After Completion of the practice work and 
checking your results, restudy points you 
« . missed before proceeding with work to 
be submitted for grading. 



AHACHED MEMORAr^DUM 

1- REQUIREMENTS FOR AUXILIARY VIEWS 

Some objects have surface areas which are NOT parallel to any 
one of the three prilicipal planes of projection. Such surfaces are either 
inclined or oblique and cannot be projected in their true shape or size 
on any one of the principal planes of projection. When this occurs, the 
true shape and size of-*the inclined plane can only be -projected on an ^ 
auxiliary plane placed parallel to it. If the inclined plane is perpendicular 
to one df the principal planes of projection, ^h^auxiliary plane is visualized 
as "hinged" and therefore "related", to that principal plane. The im^lined 
surface shows as an edge or single straight line on the plane to which 
it is perpendicular. The hinged intersection of the auxiliary plane, yith 
the principal plane to which it is Related is called a reference line. Refer- 
ence lines are drawn as light construction lines, and the auxiliary plane 
is revolved into the plane of the drawing paper about the hinged reference 
line. The view on the auxiliary plane is called a single auxiliary view 
(block F, fig 1-1). ► 

2, TYPES OF AUXILIARY VIEWS 

a* Elevations* The auxiliary view of an object's surface which is 
perpendicular only to the horizontal plane (top view), is hinged and 
related to the top view and is called -aij auxiliary elevation. They may 
be right, left, front or rear auxiliary elevations depending upon the point 
of view. 



h. Right or left The auxiliary view of an object's surface which 
js perpendicular, only to the vertical plane (front view), is hinged and 
related to the front view and is called a right or left auxiliary view. A 
side view niay be substituted for the top view as shown* in figure 1-1. 

€• Front or rear* The auxiliary view of an object's surface which 
is perpendicular only to the profile plane (side view), is hinged and' related 
to the side view and is called a front or rear auxiliary view. 

Double* If an object has'a surface which is in^ined to all three 
principal planes of projection, and does not ^project as an edge on any 
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Figwe 1-1. Procedure for drawing single auxiliary views. 
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principal plane, its-true size and shape cannot be projected on a single 
au::4iliary plane. Such a surface is called an oblique surface, and it pro- 
jects as an edge on a single ^u^iary plane. Its |b'ue size and shape 
can^only be. project^ on a second or double auxiliary plane. This projec- 
tion on, the dbubie auxiliary plane is catlled'a dottble auxiliary view (block 

3. PROJECTION TO SINGLE . AUXILIARY VIEWS • . 

Figure 1-1* illustrates tie '^'procedure for drawing a i^ght auilliary 

view. The proce^lure, typibal of tl^pr'opedure for drawing 'all single 

auxiliary vieV.5,'1s as follows: ^ 
* * • 

. a. Principal view. Select two related' principal, views,t6ne* of 'which 
will phow the inclined surface as an edge. In figure 1-1, the inclined sur- 
face appears ot edge in< the front view and the fropt and side views are ' 
.the related views selected, Di:aw the two related oirtho^aphic views 
(separated by the reference line RL as in block B,.fig 1-1) located so as 

to allow spac'fe' on the drawing for the auxiliary view. ' 

«^ • • . 

b. Reference lin6s. Draw a reference line RLj '(block C, fig 1-1) 
which is parallel to the edg^-of the inclined surface and' at a convenient 
distance from the principal view. This; new reference ^ine (RL^) fomis 
the 'base from which' the incliApd plkne is projected into the auxiliary. 

'Just as the reference line RL-separates the front and side views, reference 
line RLi will separate the front and right auxiliary views. ' Both reference 
lines represept the intersection of two perpendicular projection p.lanes, 
and are visualized as hinged connectioi^, • , / 

c. Point projection. Draw^projpctors^erprendlcular to RLi from 
the end points AB and CF .of the edge of the^ inclined surface in the^ 
principal (front) ^lew, and extend these lines a reasonable distance '(block 
D; fig 1-1), Also draw projector of centerline perpendicular to RLi at 
point of intersection on edge of indhned' surf ace. 

• \ ' ' ' > 

d. Transferring measurements. .With the-4iiyiders„ transfer points 

A', B', C', F', iand-0' (measurements a, b, andc) from the side view^to 
the right auxiliary view as illustrated ih blocU E, figure -1^1. JJfote (hat 
the dei>th of ^an object is measured perpendicular to the frontal plane, 
and that the side and auxiliary'' planes are both perpendicular to the 
frontal plane. Thus the perperidicuRir dist^ce from any poitft in the 
side viejff to RL is exactly equ^l to the distartc^ of the same point in the 
auxiliary vie^fr measured from RLi along a projector drawn 'perpendicular 
to RLj:' , . ' • . . ^ ^ . 

'It is ;to be noted that the transfer of measurements by this 
^ . *\ method, between the* two principal views, actually develops the 

tijue sthape and size of the inclined surface. It is 'NOT necessary 
^ t^ visualize the- shape ant^ size beforehand;* ther projections de- 

veloj)'true shape and silze. ^ scale may also be used to transfer 

ipeasiu?ehients (architect's 16 scale being preferable). 

From the above, it is seen that the method of projecting -^he true ima^e^ 
of the iiclihed'.^3urface^ to in auxiliiiry plane is the same as projecting^ 
an image of an object to one of th^rincipal planes, 
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e. Completing yiew. After'' all the principal points/ of the inclined 
surface have been located in the auxiliary view, connect the points with 
visible edge lines (block F, fig 1-1), thus showing the true size and shape 
of the inclined surface. To complete the auxiliary view, set bow com- 
pfiss to the measurement OX on the edge of the inclined surface (front 
view), and using center *p' di'aw circle on the auxiliary view. 

' Note in blocks B, E, and F, figure 1-1, that the inclined surface 
ABFC appears as distdrtdd or foreshortened in the side view, 
as an edge in the front view and in its true size and shape in 
the right auxiliary view. The auxiliary view sho>vs the iAcUned 
surface only and all other features of the object are omitted. 



4. PROJECTION TO DOUBLE AUXILIARY VIEWS 

An oblique surface was defined (par 2d, above) as a. surface which 
does not project as an edge on an^ principal view. Two operations are 
required to find its true shape and size. First, it is neoessary to present 
the oblique surface as an edge on a preliminary (single) auxiliary view, 
and second, project the final (double) auxiliary view from this new View. 
A single auxiliary is *always projected froni'a principal view; a double 
' aipdliary is always projected from a single auxiliary. Figure 1-2 iUustrates 
the procedure for dray^ing a double auxiliary^iew. ^ . \ » 

^ a. Related ^ews. Select two related principal views one of which 
will show a line on the oblique plane in its true length. Draw^ the two 
related orthographic views separated by a reference liri^ RL, similar to 
the procedure for projection of stogie auxiliary views given in paragraph 
3a' above. In figure 1-2, the front and side yiews are the related views 
selected. Note that the line AC (top vie^lies on the oblique plane 
and is parallel to RL. AC therefore projects) in its true len^h in the 
•front view (block B. fig 1-2). ^ - ' 

b. Preliminary auxiliary- view. After the front view has been dra\yn, 
showing AC in its true length, draw the reference line RLi perpeildicular 
to AC (block C, fig 1-2). Project points A, B, C, D, and E into the pre- 
liminary auxiliary, locating their positions on their projectors,* using 
the divMers (or scale), by taking the corresponding depths in the top 
view and transferring these to the auxiliary. ^ Complete the preliminary 
auxiliary view as in block 'C, figure 1-2. Note that the line CA-B now 
' projects the oblique plane as an edge on the preliminary auxiliaiy view. ^ 

^ c- Reference line for double auxiliary. Draw a reference line RL,. 
parallel to the edge of the oblique surface. Extend projectors {Perpen- 
dicular to RLa from the points CA and B, a reasonable distance as in 
' block D, figure 1-2. Also draw projector of eenterline perpendicular to 
RU at point of intersection' orf edge of oblique surface. 

d. Transferring measurements. Project points A', B',-C', and 0' 
intathe final double auxiliary view, locating their positions on their 
piojec^brs, by taking the corresponding measurements in the preliminary 
N^uxiliary and transferring these to .the dou'ble auxiliary (Block E,^ fig 1-2). 

1 — 4 




e. Completing view. The procedure, for completing the double • 
auxihary, showing the true shape and size of an oblique surface, is the- 
same as that for a single auxiliary. After all the points have been 
located, coiihect the points with visible edge lines and complete the circl^ 
for the hole as in block F, figure 1-2. 

5. PARTIAL AUXILIARY VIEWS . 

A. view that does not show a complete projection is called a partial 
view.. When^the inclined surface of an object is projected on an auxiliary 
plane, the inclined surface appears in its true shape and size but the 
other surfaces are foreshortened. Foreshortened details are omitted from 
auxiUary views because they are shown in their true shape and size m 
the principal views. Partial auxiliary views may be feed to represent 
shape and detaUs of an inclined surface only. A partial auxiliary view 
decreases drawing time and "clarifies t!he true shape description of an 
inclined surface by eliminating unnecessary lines and details. FoT example. 
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Figure l-S. Partial atixiliary viewst 



f ^ ' 

notice that the partial auxiliary In block A, figure 1-3, gives all the es> 
'sential, information ' concerning the inclined surface, and yet is much 
clearer and takes less time to draw 'than to project a complete auxiliary 
view. Block B, figure 1-3, showS how a section of an auxiliary might 
be^broken out tcT save space on a drawing, or when the size of the sheet J 
limits the space available, ' 

6. DIMENSIONS 

; All dimensions should be shown on a view whe^ their true length 
appears. The basic reason for using auxiliary viejKs is "to», present the 
true size and shape ^f^ inclined or oblique surf ac^s so *that they can be 
dimensioned". Thus the dimensions of such~ surfaces should be shown 
only on an auxiliary view, and are drawn in accordance' wit^h the general 
rules for dimensions (Engineering Drawing I).- On figures 1-1 .and' 1-2 
the inclined and oblique surfaces are dimensioned iri the auxiliary views ' 
as shown m block F of each figure. Notice that the dimensioning of the"" 
auxiliary view in block B, figure 1-3, includes the broti:en out section. 

7. PRACTICE WORK 

H6re is ah opportumfy for you to determine for yourself just how 
well you have leim^ the njaterial in this lesson- Work the following 
exercises, then check your answers with the solutions at the back of this 
booklet. Wherever 'you find that you have missed the answer, refer to 
the reference given and restudy the text material, and also cfieck yqur 
plate so. that you will understand just where you went wrong. ThiS 
practice work will helg prevent similar mistakes in later work. This 
is a self-test only. DO NOT send in your answers to these exercises, 

/ ■ • 

• First Requirement Exercise 1 i^ designed to give you practice in 
drawing auxiliary views. > 

r 

1. Plate A shows two. views each of four different objects. In 
each case an auxililary view is required to complete the repre- 

. sentation of the object, You are required to 'draw the mis^g 
view according .'to the title of each frame. Use a 2H pencil 
for all visible edges, a 4H pencil- for hidden lines and a 6H 
pencil for construction lines. Show where ytna would place di- 

. mensions, 'DO NOT submit this practice sheet. 

^ Second requirement. The following five exercises are true or false. 
If you believe a statement is true check if false or only partly true 
check "F*'. 

2. An auxiliaiy view of an object is used to show the true 

size of an inclined surface. t F 

3. An inclined surface is one that is not parallel to any one 

of the thre^ principal planes of projection. T F 

4. An oblique surface is one that is not parallel to any one 
of the three principal planes of projection but is perpen- 
dicular to^one of them. t P 

^ I 
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A reference 4ine for an auxiliary view is drawn per- 
petidicu^ to the hinged edge where two projection - 
planes intersect. ^ ^ 

The auxiliary view of a surface which is perpendicular 
to the horizontal plane is called a horizontal auxiliary 
view. • ' » 
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Third requirement. Solve multiple choice exercises 7 through 15 to 
determine how clearly you understand .t^e subject, of ^uxUiary ^yiews. 

7. . A single auxiliary view is drawn as though hinged to, and pro^ 
jected from*a principal view in which the: 

a. inclined plane appears^as an edge 

b. plane of projectidh is parallel to a principal plane 

c. iiiclined surface appears at ,a reduced size 

d. inclined surface is parallel to two of the principal axes 

8. The true projection of an inclined surfape on an auxiliary view 
is most useful to the builder because it shows: ' , 

a. onfe of the principal dimensions on edge 

b. ail 'curved surfaces as straight, lines 

c JLhe true size ^nd shape of the indinecf surface 
d- which- side of the object is th6 front elevation 

9. If an inclined surface" of att object shows in the front view as, 
a single straight line, its auxiliary view is called a: . ^ 

front or rear auxiliary view 

b- right or left auxiliary view 

^ c au3ciliaiy elevation v 

^d, double auxiliary view , • 

10. Reference lines drawn on projected drawings represent the: 

a. intersection of two parallel planes 

b. datum line for marking dimensions 

c. intersection of two perpendicular axes 

a. intersection of perpendicular projection planes 

11. A double auxiliary view is always projected from a: 

V a. front view c. single auxiliary 

b. top view . final auxiliary 

12 How many additional views ac< required to find the true shape 
' ' and size of an oblique surface if two principal views are given? 

a. one. ^^^^^ ' 

b. two fi^^ 



13. The reference line RL2 'in double auxiliary projection separates 
the: * * 

a* two principal related views 

s 

b. parsillel projectors 

<v preliminary and final auxiliary views 

d. perpendicular projectors 

14. Foreshortened details of^an object are not shown in an auxiliary 
view because: ^ 

a. a broken or partiaf^view would be required 

b. it* would require too many hidden lines to be shown 
c» the dimensions would h^ve Wo different scales 

d. their true size and ^hape is shown on a principal** view 

15. In dimensioning auxiliary views a draftsman should: > 

a* make all dimension lines parallel to an inclined surface 

*b. use dotted lines to indicate auxiliary dimensions 

c draw the dimension lines oblique to the inclined surface 

d» follow the general ruWs for drawing dimensions 

*6XERCI5ES ^ 

■ . ■ ~ • _y 

First requiremenh Exercises 1 and 2 provide an opportunity for 
you to show just how well you can present auxiliary views. Follow^ 
the instructions carefully; your work- will be aroded j)n cpjrectness and 
completeriess of views as well as proper line weights and neatness. 
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Plate B shows two views of a connector strip which do not complet;ely 
describe A.e true shape and size of the two end portions of ^e ofDject. 
Complete plate B by drawing the true size and shape of the^.two end 
portions of the connector ?trip oh two auxiliary views (one for each 
end). Note the scale as given. Fully dimension the auxiliary views. 
DO NOT erase construction lines. Use 2H, 4H, and 6H pencils in*the 
same manner as in practice exercise 1. 



Figure 1-4 shows the isometric drawing t>f an angle brkce. The 
front and side "orthographic vieyvs of this angle brace are* already shown 
on Pl^ C. Complete pkte C by drawing the auxiliary view required 
to show the true shape and siie of the bottom flange of the angle 'brace. 
Because of thevlimited space, only a partial auxiliary view can be drawn ; 
scale used is full size 12'' = l%(y'. Show dimensions of the inclined sur- 
face (bottom flange) on the partial auxiliary view. > DO NOT erase con- 
struction lines. 
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Second requirement ^Exercises 3 throughjl2 are designe^ to test 
your understanding of the principles presentec[ in the attachecu rnenn- 
orandum as applied t6 fhe completion of pla|es B and CyHach of 
these exercises has four choices with only ONE! BEST answer. Select 
the choice you believe is best. Then turn to the answer sheet and 
mark an X through the letter representing that choice. (Answer sheets 
are bound in reverse order at the back of this^book) 



3. 

V 

Two auxiliary views are required to fully describe the connector 
strip in plate B because the object has: 

a« more Bian six sides 

b* no identical or symmetrical sides ' 
c internal features lying in a plane parallel to one of the three principal 
projection planes 

d. two inclined surfaces which are not parallel to any one of the three 
principal planjss of projection 
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Tbfe two, auxiliary views required to complete plate B are called: 

a. fpnt and^rear auxiliary views ^ 

b. fright rear and left' rear auxiliary elevations 

c. / right and left auxiliary views 
dl^ double auxiliary views 



The auxiliary view required to complete plate C is calle 
a* right, auxiliary view * c. rear auxiliary view 

b. bottom auxiliary view r d. ^partial elevatipn 



In completing plate B, the first step in the procedure of projecting 
the required auxiliary was to draw: 
a« the projectors perpendicular to the edge view 
b,- reference lines RL separating the two principal views 
c* the rear view" of* the connector strip 
d. re^rence lines RLi parallel to each inclined surface 

Only one auxiliary view is necessary to fully describe the angle brace 
of 'plate C because: ^ 
a* it has only one inclined surface 

b, its two inclined surfaces are parallel and appear on edge in a principal 
view 

"cT only, one auxiliary view. can be crowded on the drawing J 
d. a -double auxiliary view would require too much time to draw 



' 8. 

The broken lines shqwn on the auxiliary view of plato C are used to: 
af confuse unauthorized* persons from u^iderstanding the view 

b, save material in manufacture of the object 

c. save manufacturing time by eliminating a portion of the object 
d» save drawing time and also because space is limited 

9. • 

An ^auxiliary view of an object with a portteo^^broken out as in the 
auxiliary view of ^late C is called a: 

a, single kuxiliary view c. half tone view 

b, partial auxiliary view ^ d- half auxiliary view 
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The side view of the angle brace (fig 1-4) was selected tas one of 
the principal' rela ted vi ews on plate ^ for the following reason:* 

it shows- the inclined^ottom flange -on edge 

^,it requires less space than the top vie>V 

c« only one auxiliary view is necessary 

d, side views are always projected with front views 

U- 

On which view of the angle brace (plate C) should the thickness of 
the bottom flange be shown? 

SL4 isometric c. side 

b, auxiliary d,^ front 

12- 

All dimensions of the auxiliary views on plates B and C should be 
drawn, in accordance with: 

a, their relation to other views 

b, . measurements from reference line RL 

c, corresponding depths in the preliminaiy auxiliary J 

d, the general rules for dimensions 
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LESSON 2 

, ISOMETRIC PRAWIN6 

CREDIT HOURS ^-.„-3 ' 

TEXT ASSIGNMENT Attached mernqj-andum* 

MATERIALS REQUIRED Drafting kit/and plates D, F. 

LESSON OBJECTIVE To teach you how to make isometric drow- 

ings and to acquaint yoy with -their .jjic- 
torial value to a nontechnical audience, 

SUGGESTIONS Refer to the suggestions made for lesson 1. 



AHACHED MEMORANDUM 

h PICTORIAL DRAWING 

It is* easier for nontechnical persons to visualize an object if its 
features cain be shown in a single view. To represent a three dimensional 
object approximately as it appears to the eye,, the draftsman frequently 
uses a single plane projection whith shows -the external features only. 
Such a representation is called a pictorial drawing. Perspective drawing, 
which shows an object aaTtj actufilly appears to the eye, is largely used 
in architectural drawing buy has the disadvantage that ^Measurements to 
scale cannot be taken from the drawing. To obtain a pictorial effect 
•and to obtain the advantage of being able to measure dimensions to 
scale, the isometric drawing is most adaptable. It can be drawn quickly, 
either freehand or with instruments, and it can be dimensioned directly 
by use of architects' or engineers* scales. 

2. ISOMETRIC PROJECrrON 

Before tie draftsman can develop isometric drawings^ it is first 
necessary fo xmderstand isdmetric projection. This type of projection 
is made as though viewing the object through a single projection plane, 
the projection lines being parallel to each other andr^rpendicular to the 
projection- plane, The object is oriented so tha^ach one of its three 
principal dimensions are inclined at the same angle to the projection 
plane, thus exposing three sides in a single view. This is called isometric 
projection. 

An excellent example is thi isometric projection of a cube. The 
cube in position a, figure 2-1, is first turned 45° about its vertical ax^ 
a^ in position b. 

'2.-1 
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Figure 2-1, Isometric projection of a cube. 

Notice that the front ai^d side orthographic views (position a) 
are each turned 45° in the horizontal plane, thus showing three 
vertical faces of the cube in position 

The cube (right elevation) is then tipped toward the plane of proj 
jection as in c until all three of its principal dimensions (edges 4-8, 4-S, 
and 4-1) are equally foreshortened, thus exposing three faces as in posi- 
tion d. The front view in this position is now an isometrk prt)jection 
of the cube. * A 

Notice that the cube is pipped forward until the hoc^ diagonal 
through 4 (c, fig 2-1) is perpendicular to the front plane. This 
makes the top face slope approximately* 35.3*". 

a* Isometric axes* The point where the three principal dimensions 
of an object, height, width and depth (such as 4-8, 4-3, and 4-1, View 
d in figure 2-1) converge is called* their point of />rigin, *'0'^. These are 
called the isometric axes. Th||ingle between each pair of axes is always 
120° as m figure 2:2, * ^ x 

b. Isometric lines arid planes* Since the projection lines /ire parallel 
to each other and perpendicular to the projection plane, the projections 
of the edges of a rectangular object (such as the cube) will be parallel 
to an isometric axis. Any line whose projection is thus parallel to an 
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. Figure 2-2. Isometric axes. 

isometric axis is called an isometric . line. All other lines which do not 
project parallel to one of the isometric axes are called nonisometric lines. 
The faces of an object parallel to the isometric axes and all planes parallel 
to tbdm are identified as isometric planes. 

3. ISOMETRIC DRAWING 

An isometric drawing resembles an isometric projection in all re- 
spects except that the foreshortening of lines is disregarded, and all 




Figure 2-3. Comparison of isometric projection and isometric dravnng. 
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measurements are drawn true to scale along th^ isometric axes/ J'igurQ 
2-3 shows an isometric drawing in comparison with an isometric projec- 
tioiL 

Notice the full size measurement of one inch as compared ' 
with th^ foreshortened (13/16 inch or approximately ^1% of 
true length) dimension, 

a. Alternate isometric axes. Usually, it is more expedient to 'de-^ ' 
velop an isometric drawing from the lower front comer 4yf the object, 
point O. In using this procedure, the vertical axis is directed upward 
from 0 the point where the other two axes (receding edges, width and 
depth) intersect the vertical axis, and the receding edges are drawn in * 
the usual manner. 

In figure 2-4 the three heavy lines converging at point 0, form the 
alternate isometric axes* The^idth axis is slanted up 30° to the left 
and the depth axis is slanted up 30° to the right. These receding iso- 
metric axes make an angle of 60° with the vertical (height) axis and an 
angle of 120° with each other. All measurements are drawn to scale 
along the axes or along isometric lines parallel to the alternate isometric 
axes. 

b. Varied forms of isometric axes. Quite often it is preferable 
to vary the form of an isometric view so as to show some important 
detail. This is* easily accomplished by chaq^ng .the position of th^ 
isometric axes. Notice however, that the angles between the receding 
axes never chafige, although they are placed in. varied positions on the 
drawing sheet (fig ^2-5). ^ 

c. Locating nonisometric lines. Objects which have several noA- 
isometri^ lines are generally drawn by the box or offset systems. 




0 

Figure 2-4. Alternate isometric axes. 




a b c . ^ ' 

Figure 2-5. Diversified positions, of isometric^ axes. 




Figure 2r€» Box systein of isometric construction. 

(1) Box Systein. The object, is first drawn in orthographic pro- 
jection as if contained within a box. The box as a whole is projected in 
isometric and the configuration of the object is then ' carefully located 
by its points of contact with the isometric planes of the box, as in figure 
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Figure 2-7. Offset system of isometric construction. 



(2) Offset system or plotting by coordinates. The offset system 
(fig 2-7) is used primarily when an object consists of several planes at 
various angles. In this system, each point of the object is located by 
plotting its distance from the three axes as though it were a three 
dimensional coordinate system of height (H), width, (W) and depth 
(D), the dimensions .being taken from the orthographic views. 

d. Circles. All true circles project as ellipses in an isometric draw- 
ing. They are easily dravra by th^ four center circular arc approximation 
illustrated in figure 2-8. 




Figure £-8. Drawing isometric ^ circles and arcs. 
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(1) Locate center and four sih&s of the circunjscribed square, 
ABCD. (Note that the circumscribed square is actually a rhombus in 
isometric cQnstmction.) 

(2) Draw center lines through the center of the rhombus and 
parallel to the isometric axes. These center lines^ntersect at the mid- 
points (E, F, G, and H) of the sides. 

(3) Draw» lines fyom vertices of the two largest angles of the 
rhombus td midpoints of the -oppositt sides BE, BF, DG, and DH. These 
construction lines intersect in .points X and Y. 

(4) With points B and D as centers and radius BE draw arcs EF 
and GH. 

(5) With points X and Y as centers and radius XH draw arcs 
FH and EG. 




Figure 2-9. Isometric rounding of camera. 





To draw any arc of a circle, such as the rounding of comers 
which occurs most frequently, project as -much of the four-center con- 
struction as is necessary. To account for thickness (T) drop perpendic- 
ta establish centers, aS; shown in. figure 2-9. 

e. Hidden lines. Hidden lines are generally omitted in an isometric 
wing, unless their use would add to clarity. 

f. Din^ension lines. Dimension lines, extension lines and the lettering 
of dimensions are drawn parallel to isometric lines. 

, g. Isometric paper. Sheets of paper ruled with isometric lines (30** 
receding lines) are .most suitable for making isometric drawings. Their 
use saves a largef amount of construction and assures accuracy./ Figures 
2-3, and 2-8 areWawn on isometric paper. 

\ • s 
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4. PRACTICE WORK ^ ^ 

This practice work is designed to test yoOr understanding of 4so- 
metric axes and their use in making isometric drawings. Check your 
results with the solutions at the ba^jk of this booklet. If you have made 
errors, particularly on your drawings, restudy the attached -memorandum 
and correct your errors before proceeding with the exercises. DO NOT 
submit your practice work sheet, 
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Figure 2-10. For U9e with ^actice \^xercxses I through If. 

First requirement (exercises 1 through 4)- Figure 2-10 shows the 
orthographic views of four different objects. On Plate D, draw the iso- 
metric views of each object from the key points numbered 1, 2, 3. and 
4 for each exercise; make each isometric drawing of the respective ob- 
jects full scale. Use drafting instruments -for accuracy. Use 6H 
pencil with sharp cone point for all construction lines, and F pencil for 
clarity of isometric drawings. 

^Second requirement. The following six exercises are true or false. 
If you believe a statement is true check **T', if false or only partly true 
check '*F', 

5. The axes used for isometric projection are the same as 
the ax€^ used for orthographic projection. 
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6. Alternate isometric axes are generali^^ed for isometric 
drawing. T P 

7. All dimensions in isometric drawing are reduced to about 

81% of their true length. T F 

8. Nonisometric lines are lines that cannot be drawn on 
isometric drawings, * TP 

9. All true circles on an^ object appear as ellipses when 
drawn on isometric drawings. 1? P 

10. Dimensions on isometric drawings can be measured di- 
rectly with an architect's scale. ' T P 



EXERCISES K ^ 

First requirement. Exercises 1 and 2 are designed to give you 
an opportunity to demonstrate your understanding of the principles of 
isometric drawing. Follow the instructions carefuJIy. Your plate will 
be graded on layout, completeness, dimensioning, neatness, and ac- 
curacy. 



Figure 2-11 shows three orthographic views of a hinged catch, 
plate E, make a full size isometiic drawing of the hinged catch; DO 
NOT show^^dimensions,' Us,e the given alternate isometric axes and pro- 
ject drawing from point t) as designated in figure 2-11. Note that the 
three holes a|^e the same size and that their isometric ellipses can be 
constructed Snktjje same time with identical compass settings. Use 6H 
and F pencils in th?'3kme manner as for practice exercises 1 through 4. 

Figure 2-12 shows' three orthographic views of a swivel block. On 
plat/ F; make a full size isometric drawing of the swivel block; show^ 
principal overall dimensions only. Use the given alternate isometric axes 
tod project drawing from point O as designated in figure 2-12. Note 
that identical circles project as identical ellipses and can be constructed 
simultaneously. Use 6H and P pencils, as before; use 4H pencil for 
dimeuaiea. lines and HB pencil for lettering. 
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Second requirement. Multiple-choice exercises 3 through 12 are 
based on the application of the principles of isometric drawing to the 
completion of plates E and F. \u solving these exercises, test your 
answers against your isometric drawings. This should prove to be an 
excellent check as to their correctnes.s. 

3. / 

To make isometric drawings such as ^late E more easily understood 
it is customary to: t 

a. use heavy lines for dimension lilies 

b. omit- hidden lines from the drawing 
c ' omit all nonisometric lines 

d. draw all ellipses as true circles ' 

4. 

Tke scale most convenient to be used for drawing plate E is: 

a. the same as the scale for an isometric projection 

b. an ordinary scale reduced by about 19% 
c an ordinary engineer's scale marked 50 
d. a standard architect's scale marked 16 

5. 

If a true isometrib- projection were made of the hinged catch on 
plate E, it would be: 

a. smaller than the isometric drawing 

b. the sajne size as. the isometric drawing 

c. larger than the isometric drawing 

d any size depending upon the size of the paper 

' The isometric drawing oi the hinged catch of Plate E is preferable 
to an isometric projection because: 

a. the isometric scale requires time consuming conversions 

b. an isometric drawing shows m^re details than an isometric projection 
c* "irue dimensions can be measured directly from the drawing 

d. isometric projections show no dimensions 

7. 

A true perspective drawing of the hinged catch of Plate E would 
not be satisfactory to a builSer because: 

a, its dimensions could NOT be measured directly 

b. the perspective is the reverse of the true shape . 
c! the perspective drawing costs more to produce 

a. the builder cannot understand perspective drawings 
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8. 

Referring to the front view of figure 2-11, the line joining points 
1 and 2 -is located on plate E by: 

a. plotting eaqh point according to their coordinates 

b. considering it as a single point 

c. the , four-center ' approximation 

d. orthographic projection . 

9. 

Because of its many nonisometric lines the isometric view of* the 
swivel block, plate F, is easier to construct by: • 
a». reversed isometric axes c, nonparallel lines 

box system d, offset system 

10. 

The hiddei\ line joining points 3 and 4 on the front view figure^ 
2-12, when referred to completed plate F: t ' ^ 

a, is not a^wn, because hidden lines are omitted 

b. does not appear from the angle at which viewed 
c appears as a foreshortened nonisometric line 

d. is a partially visible isometric line parallel to vertical axis 

IL 

The completed plate F shows that the line between the points 3 and 
1 on the front view of figure 2-12 is: ^ 

a. a hidden line obscwr^d by a visible edge 

b. a foreshortened line whose ti;ue length is shown on plate F 
c the edge of a plane surface in the horizontal plane 

d. a straight line showing its true length on the front view of figure 2-12 

• 12. * 

The completed isometric drawing of the swivel block on plate F 
shows: 

a, ^ne complete ellipse and three partial ellipses 

b. two complete ellipses and *five partial ellipses 
three complete ellipses and one partial ellipse 

d, five complete ellipses* and two partial ellipses 
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LESSON 3 

SCREWS, BOLTS, RIVETS, ,WnD WELDS 
CREDIT HOURS ^^..3 

TEXT ASSIGNMENT Attached merfiorandum. 

AAATERIALS REQUIRED Drafting kit and plates G, H. 

LESSON OBJECTIVE To teach you how to draw common fas- 
teners used to connect assembled parts. 

SUGGESTIONS Refer to the suggestions mc(de for lesson 1. 



AHACHED MEMORANDUM % 

r GENERAL REQUIREMENTS 
• 

It would be impossible to btiild any structure or machine out of solid 
materials. Jt is necessary to build by joining component parts into 
larger parts or a cbnitolete assembly. In any case the draftsman must; 
be familiar with the i ^hods o f fastening the parts together, in some 
instances as permanent iasteemgs such as welds and rivets, or as re- 
movable connections requiring screws and bolts. The basic forms of 
such parts and the conventional method of their representation are in- 
herently a part of the graphic language -of the draftsman. A complete 
description of all types of fasteners is beyond the scope of this subcourse. 
Only a few of the more common types with their representations and 
some (Jeflnitipns of importance to a draftsman are covered. The de- 
scriptions and methods of showing other fasteners can be found in mili-^ 
tary standard specifications, or in one of. the numerous standards hand- 
books available. 
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Figure 3-L Types of screw threads. 
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2^CRiW THREADS 

~<^^Screw threads are used to restrict or fix the relative motion of two 
parts or to transmit motion from one part to another. The iaore common 
types of threads and their general use are shown in figure 3-1. 

Threads may be right or left hand. Right-hand threads advance 
when turned clockwise; aieft-hand thread advances when turned counter- 
ctockwise. Left-hand threads are always indicated by LH in the thread 
specification note; without this note all threads are considered as right- 
hand. 

a. Terminology. Refer to figure 3-2 when studymg the following 
definitions. 




EXTERNAL 
THREAD 



Figure 5-2. Scr&{o'thread definitions. 




Axis. The centerline of a screw thread runningylengthwise. 

iDrest A flat surface on the major diameter of arK^xternal 
thread or on the mmor diameter of an internal thread (top of the thread). 

Depth.- Half the difference of the major and minor diameter 
or the distance from the crest to the root measured perpendicular to 
the axis. 

' External thread, A thread on the outside of an object such 
as a rod or bolt. 

Helix. The "cork-screw" space curve on cylindrical surface 
which marks the location of a point moving with uniform ai^lar velocity 
about the axis and at the same time with uniform linear velocity parallel 
to the axis. 

Internal thread. A thread on the inside of an object such 
as a nut. * 

3 — 2 
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Lead. The distance a point on a helix or screw thread advances 
parallel to the axis v/hile making one complete turn of the axis (the dis- 
tance the screw advances in one turn). On a single-thread screw the 
lead and pitch are identical; on a double-thread screw^the lead is twice 
the pitch; on a triple-thread scr^w the lead is three times the pitch! 

Major diameter. The largest diameter of an intemai or external 

thread. 

Minor diameter. The smallest diameter of an intemai or ex- 
ternal thread. 

Pitch* The distance from a point on a screw thread or helix 
to a corresponding point on the next thread, measured parallel to the 
axis. On a double-thread -screw the pitch is half the lead. 

Boot. The sxuface of a thread on the minor diameter of an 
external thread or on the major diameter of an intemai thread (bottom 
of the thread). 

Threads per inch. One inch divided by the pitch. ^ 

b. Thread conventions. An . accurate orthographic representation 
of any screw thread is impractical. In actual practice they are repre- 
sented by drawing straight lines and a note is added giving the designers 
specifications. Thread conventions are classified as semiconventional or 
symbolic. 
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SINGLE DOUBLE TRIPLE SINGLE DOUBLE TRIPLE 




RGHT-HAIMD THREADS 



LEFT-HAND THREADS 



Figure 3*3. Dratoing semiconventional threads, 
• ^ 

(1) Semiconventional representation. Refer to figure 3-3 when 
studying the following procedure for drawing semiconventional threads. 

Step 1. *Draw the centerline and lined parallel to it, which locate the 
major diaijieter of the threads. 

Step 2. Mark off pitch distances on upper (major diameter) line for 
the distance of all threads. 

# 

Step 3. On lower (major diameter) line mark. one measurement of Vi* 
, pitch, then contime marking off pitch distances for the rest 
of the threads as above. 
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step 4. From each point 'marked on upper and lower lines draw short 
lines; sloping 60® to the right and left, which form crests and 
• roots of the tfireads. _ 

Step 5. Coimect crests and roots of the threads with solid straight lines 
to complete threads. Notice that crest lines are not parallel 
to root lines. Single and triple threads have a root opposite 
a creat^lDptfBletoijeads have a xoot opposite a root. Thje lines 
of step5^ap8-te-tne left for right-hand external and left-hand 
internal thread*t-to the right for left-hand external or right- 
hand internal threads. The dotted lines of figure 3-3 which 
indicate the'thread on the reverse side of the object are omitted 
on the actual drawing. ^ ' 




^APPROX-^ 



DEPTH OF 
^THREAD 

W 
^ ■ 



REGULAR SYMBOL 



SIMPLIFIED SYMBOL 



Figure S-^* 
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Dratoing regular and simplified thread symbols 



(2) Syipbollc representation. Threads .of less than 1-inch diam- 
eter (drawing size) may be shown by regular or simplified thread symbols 
as shown in figure 3-4. Notice that both omit- the V profile. 

The regular symbol shows the crest of the thread as *ng 
thin lines and the roots by shorter heavier lines. 'Thes^ lines- 
are simply spaced, by eye or scale, to look well apd need xiot 
be related to the actual pitch of the thread. 

The simplified symbol omits the crest and root lines and 
shows the approximate depth of thg thread by datted lines 
indicating the threaded portion. Although not as descriptive 
as the regular symbol, it is preferred for detail drawings be- 
cause of being easier to draw and the resultant savings in time. 

. c Specification note. As stated before, in addition to the thread 
conventions, the designer's specifications are given in a note. The format, 
or order of the specification note, is in' accordance with accepted standards* 
of which there are three: the American or National (designated as N), 
the Society of Automotive Engineers, SAE (designated as EF),,and the 
International Oi^anization for Standardization (designated as UN). Only 
the American'' standard is covered here; the others are described com- 
pletely in military standard, specifications or standards handbooks. The 
principal elements are thread series and screw-thread fits. 
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(1) lliread series. The American standard lists five thread series: 
coarse (NC) reconunended for general use, includes 12 numbered sizes 
below V4 inch; fine (NP), has more threads per inch and-is-used where 
ease of assembly and resistance to vibration are requisite, includes 13 
numbered sizes below inch; 8-pitch (8N) eight threads per inch, V 
to 6" dia, used primarily on bolts for high-pressure pipe flanges or 
cylinder and boiler haads, and similar fastenings against pressure; 12- 
pitch (12N), twelve threads per mch, to 6'' dia, used v^ely in 
machme cqnstructioa. requiring thin parts; and 16-pitch (16N) sixteen 
threads per incl^, tx> 4" dia, used on such items as adjusting collars 
and bearings retainers. See table L 

Table L American National Course (NC) and National Fine (NF) Series, 
Number of threads per inch ' 



Size 
major 
diameter 


NU 
Series 


NF 
Series 


Size 
major 
diameter 


NC 
Series 


NF 
Series 


0 




80 


9/16 




18 


1 


64 


72 




11 


18 


2 


56 


64 


% 


10 


16 


3 


48 ' 


56 


% 


9 


14 




40 


48 


1 


8 


14 


5 


40 


44 


IVs 


7 


12 


6 


32 


40 


1^4 


7 


12 


8 


32 


36 


1% 


6 


12 


10 • 


24 


32 


ll/o 


6 


12 


12 


24 


28 


m 


5 






20 


28 


2 


41/j 




5/16 


18 


24 


21/4 


41/, 




% ' 


16 


24 


21/. 


4 




7/16 


14 


20 


234 


4 






13 


20 


3 

31/4 
31/. 


4 
4 
4 










334 
4 . 


4 
4 


0 


Note: Number 


13 size NF series, not given. 









(2) Screw-thread fits. Pour types of screw-thread fits have been 
standardized:* 

Class I. For mpid assembly and where some shake play is not ob- 
jectionable. 



Class IL Standard commercial where interchangeability is essential. 
Class in. High quality conmiercial r^uire<5 for precision work» 
Class IV, Where selected fit is required. 





Figure 5-5. Thread, specification note. 

Figure 3-5 indicates the order of the specification note and 
explains its interpretation. 




3. BOLTS AND NUTS * 

• * 

In general, data concerning bolt dimensions is obtained from standard 
tables. However, bolts and nuts are seldom shown on detail drawyigs, 
and on assembly drawings where they are encountered most frequently * 
approximate dimensions are adequate. 

'a. Data and terminology. Refer to figure 3-6 when studying the 
, following information concerning bolts and nuts. 

Series* Bolts are classed in three series: regular — recom- 
mended for general use, heavy — designed to meet requirements for 
greater surface, and light — smaller across flats than the regular they 
are designed to save material and weight 

Finish* Bolts may be imfinished, semifinished, or finished. Un- 
finished bolts, except for threads, are made by forging or .rolling and 
are not machined on any surface. On semifinished or finished bolts, the 
siirface under the nut or bolt head may be machine finished to provide 
a washer-faced bearing surface. Finished bolts are machined all over 
for accuracy or to improve their appearance. 

Diameter. The shaft si2e. 

Leng^. Bolts leng^ths are dimensioned as the distance under 
the head to the end, of the bolt / 

Thread length. This is related to the diameter and bolt length. 
In general, bolts are threaded a distance of 1Y> times the diameter plus 
Vh inch. Short bolts, where the formula cannot apply, are threaded full 
length. On the thread end, bolts are chamfered at an angle of 45^ to 
the depth of the thread. 

Washer face. The diameter of the machined surface forming 
the washer face is equal to the distance across flats. The .thickness is 
1/64 inch for both bolt heads\and nuts, and is always included in the 
height of the head or thickness of the nut. 

Form. The head on unfinished, regular- and heavy-series bolts 
and nuts may be square or hexagonal. On all others the head form is 
hexagonal. The comers are chamfered to form a flat circular top having 
a diameter equal to the distance across flats. 

Chamfer* The angle of chamfer with the flat top of bolts and 
nuts is drawn at 30** (45'' for the heavy series). 

Head height Tlus is the overall height of the bolthead and 
for semifinished or finished bolts includes the washer-faced bearing sur- 
face (see washer face, above). 

Thickness of nutd. This is the overall thickness of the nut and 
for semifinished or finished nuts includes the wast^er-faced bearing sur- 
face (see washer face, above). 

b. Approximate procedure for drawing bolts and nuts. This method 
is acceptable whenever drawing to exact sizes is not necessary to pre- 
scribe clearances. T&ie only information required is: (1) diameter, (2) 
length, and (SStbe^type of head or nut. The width (W), height (H), 
or thickness <T) is then approximated in proportion to the diameter 
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HEXAGON HEAD 
BOUTS a NUTS 




SQUARE HEAD 
BOLTS a NUTS 



45 




HEAVY SQUARE 
HEAD BOLTS 

a nuts' 



Semi-finished Regular 


Unfinished Regular 


Unfinished Heovy 


W =1-^0 


j W» l-g- 0 

jH «-|- 0 
T - -^0 


T ' D 



Figure 5-7. BoZt a«d nut formulas. 

(D) df the bolt, thus saving considerable drafting time. Figure 3-7 
shows the formulas.used to determine the dimensions for W, H and T 
together with suggested radii for drawing arcs of boltheads and nuts • 
Figure 3-8 illustrates the procedure in drawing square and ^exagonal 
bolts and nuts. 

Step 1. Draw centerline and lines representing the diameter (D). 
Stop 2. .On centerline, draw circle bf radius 3/4 D (diameter = iy> T». 

For unfinished heavy series, diameter = IV2 D + Vh men. 
Step 3x With triangles, circumscribe hexagon (or square) about circle 

of step 2, representing form of bolthead or nut with distance 

across comers presented at right angles to centerline of step 
^ 1. This completes end view of bolthead or nut. 
Step 4. From end view of step 3, project bolthead and nut to prbfile 

view. 

S— 8 



48 




STEfP I 



STEP 2 



STEP 3 





















+ — j 

^ — 













STEP 4 




STEP 5 



STEP 6 



gure 3-8. Steps in drawing bolts and nuts,{ 



] 



\ 



Step 5, Project arcs in bolthead and nut. in accordance with radii as 
specified in figure 3-7. , \ \^ 

Step 6. Draw washer face on nut or bolthead, if required, and chamfers 
on nut, bolthead and end of thread. | Draw threads on bolt (regu- 
lar symbol) as shown in figure 3-4. jSee thread length, paragraph 
3a above. 



4, RIVETS 

Riveting is a method of making a permaf^ent joint between two metal 
parts, 

a. Forois of rivefUieads, All holes for rivets are punched or drilled 
in the fabricaOng shopA whether the rivets ire driven in the field or in 
the shop. LargeS^ijrgtsrare usually heated t^ make the metal softer and 
easier to work. The rfvet has a cylindrical body and its head may be 
conical, spherical or flat. In assembly, the/ second head may be formed 
in tHe same shape. Clearance is always allowed between the rivet body 
and the prefabricated hole; the diameter of a rivet hole is usually made 1/16 
inch larger than the rivet diameter. To provide for filling this clearance 
the rivet is extended (beyond the surfa9?e of the. parts being joined) a 
length equal t9, % of its diameter for ayflat or counterstmk head; 1.3 to 
1.7 times the diameter for other type neads. Standard forms of rivet 
heads and the formulas for drawing tl/em are shown in figure 3-9. 
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PAH CONE BUTTON . FLAT TOP HGH BUTTON. ROUND TOP 

HEAD HEAD HEAD COUNTERSUNK HEAD COUNTERSUNK 

HEAD HEAD 



(a) LARGE RIVETS 




MM FLAT TRUSS OR BUTTON COUNTERSUNK 

HEAD HEAD VW60N BOX HEAD ^EAO 

HEAD 

(b) SMALL RIVETS 



. Figure 5-9. Forms of rivet heads. 

h. Symbols. Two dilferent symbols are used to distinguish between 
shop and fiel^ rivets in detail drawings. Figure 3-10 shows the most 
common standard conventions. Notice that the^ rivet head diameter is 
used in ^drawing shop rivets, and the rivet body diameter is used for\ 
drawing field rivets. The blackened indication for field rivets indicates! 
a hole in which rivets are placed later. Centerlines are used on detail 
drawings made to small s<jale, rivets being placed where the centerlines 
intersect. The centerlines represent the intersection of pitch and gage 
lines. 

5. WELDING 

Welding is also a method of making a permanent joint between tiyo 
metal parts, and its wide. use has brought about a whole new language 
of symbols for use on drawings. The symbols and terms used are dis- 
cussed in JAN-STD-19, Joint Army-Navy Standard for Welding Symbols. 
Figure 3-11 is a chart of various types of welding processes encount-jred 
most frequently. ^ 

a. Welding symboL The basic welding symbol ^g 3-12) is simply 
a reference line forming an arrow, with one or more abgle bends behind 
the arrowhead, which points to the location of the weld. 

All information required to indicate the welding process to^be 
used, the location and type of weld, the size, finish, and sp on, is located in 
specified positions on or iiear the welding symbol. 

8 — 10 

5u 



ci. 



1 



Shop Rivets, Tv^o Full Heads 
-PITCH 



^"-^ 



G3 
G2 



-Gi GAGE ' 

Shop 'Rivets, Countersunk and Chipped, 

Near Side 

Shop Rivets, Countersunk and Chipped, 

Far Side 

Shop Rivets, Countersunk and Chipped, 

Both Sides 

Shop Rivets, Countersunk but Not Chipped, 
Max. r/8 in. High Hear Side 

Shop Rivets, Countersunk but Not Chipped, 
Max. 1/8 in. High Far Sfde 

Shop Rivets, Countersunk but Not Chipped, 
Max. 1/8 in. High gbth Sides 




Shop Rivets, Flattened 
Shop 
Shop 

Shop' 



^ in. and 5/8 in. 

Rivets, Flattened 
^ in. and 5/8 in. 

Rivets, Flattened 
^ in. and 5/8 in. 



to ^ in. 
Rivets 

to ^ in. 
Rivets 



to i 



1 n 



High for 
Near Side 

High for 
Far Side 

' High for 



Shop 
Shpp 



Rivets, Flattened 
for 3/^, 7/8, and 

Rivets, Flattened 
for yk, 7/8, and 

Rivets, Flattened 
for 3/^, 7/8, and 



Field Rivets, Two Full 



Rivets Both Sides 

to 3/8 in. High 
1 in. Rivets 

Near Side 
to 3/3 in. High 
1 in. Rivets 

Far Side 
to 3/8 in. High 
1 in. Rivets 

Both Sides 

Heads 



Field Rivets, Countersunk and Chipped, 

Near Side 

Fteld Rivets, Countersunk and' Chipped 

Far Side 

Field Rivets, Countersunk and Chipped 

Both Sides 



Figure S.-IO* Rivet conventions. 
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\ 

OXY^NyOKOOCN 
OXf>ACCTYL0(E 
^R^ACfiTYLENC 



SHIELDED- 



TORCH 

TWIN -CARBON ARC 
FURNACE 
' INDUCTION 
RESISTANCE 
DIR 

BLOCK 

jn.ow 



BRAZING 



_GAS_ 



CARBON 
EUECTRODE' 



COMMON 
WELDING 

prcx:esses 



_RESISTANCE^ 
WELDING 



>1 

_ ARC METAL _ 

WELDING ELECTRODE 



SPOT 
SEAM 

PROJECTION 
FLASH 
UPSET 
PERCUSSION 



-UNSHIELDED 



SHtELOEO CARBON'ARC 
INERT-aAS CARBON-ARC 



UNSHIELDED 



CARBON-ARC 
TWIN-CARBON ARC 



BARE MCTAL*ARC 

STUO 



SHIELDED 



SHIELOEO METAL-ARC 
IMPREGNATEO'TAPE METAL^ARC 
ATOMIC HYOROQEN 
INERT-OAS METAL-ARC 
SUSMERaEO ARC 
SHIELDED STUO 



Figure S-IL Common welding processes. 



ERLC 




Figure 3*12. Basic welding symbol. 



b. Arrow side and other side* To provide for identification, welds 
are classified as arrow side (previously called near^de) or other side 
(previously termed far side). A weld on the near side of the joint, parallel 
to the drawing sheet and toward the observer, is called the arrow side. 
It is on the same side as the symbol, and .the arrow points to its face. 
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The otMer side is on the opposite side of the joint, a^^^P^from the observer, 
and ita face is away from the arrow. (See fig 3-17.) ^ 

ijL symbols. Symbols used to indicate the type of weld are 

called basicS5(eld symbols to^lraerentiate them from the welding symbol, 
or arrow. Arc and gas weld synAols are shown in figure 3-13. Resistance 
weld ssnnbols are shown in fi^uw 3-14. 



TYPE OF WELD 


BEAD 


FILLET 


PLUG 
OR 
SUOT 


GROOVE 


SQUARE 


V 


BEVEL 


u 










II 




V 


V 


P 

■ ■■ 4 




A- 















NOTE-PERPEND»CULAR LEG ALWAYS DRAWN LEFT HAND 



?\gurt S-15. Basic arc and gas weld symbols. 



TYPE OF WELD 


SPOT 


PROJECTION 


SEAM 


FLASH 

OR 
UPSET 


X 




-XXX 


1 



figure S-lIf. Basic resistance weld symbols. 



WELD 
ALL 
AROUND 


FIELD 
WELD 


CONTOUR 


FLUSH 


CONVEX 


0 


• 







Figure 5-15. Supplementary symbols. 
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other process or specification reference, when required, is noted 
in the tail of the welding symbol (See fig 3-16.) Supplementary symbols 
which are used in connectioii with the weld symbols are shown in figure 
3-15- 

Assembl^ weldhig symjK^l The weld symbols^ their respective 
positions on the<ref^ence line 4xid arrow, together with other data, form 
tiie completed welding symbol. The assembled welding symbol consists 
ot th^eight elements listed bejow, or as- many of them as are necessary 
to show the requirements of a given weld. Finish symbols, as drawn, 
indicate the method (C = chipping, M = machming, G = grinding) of 
finishing and not degree of finish. The eight elements of an assembled 
welding symbol are: ^ ) 

Reference line 

Arrowhead 

Basic weld symbols 

Dimensions and other data 

Supplementary symbols 

Finish symbols 

Tail , ' , ' 

Specification, process, or other reference ^ 

^ The standard locations of the elements on an assembled welding symbol 
are shov/n in figure 3-16. 



FINISH SYI 
CONTOUR (1^ 



® 
® 

® 

0 REFERENCE UNE 



;h) symbol 



ROOT opening; deptkof filuino 

FOR PLUG AND SLOT WELDS 



size; size or strength 

FOR resistance WELDS 



® 
® 



specification .process, 
OR other referenoe 

TAIL 

BASIC W£\D symbol 
OR DETAHT^EFERENCE 





WELD ALL AROUND 'SYMBOL ® 

ARROW CONNECTING REF- 
ERENCE LINE TO ARROW 
SIDE OF JOINT. TO GROOVED 
MEMBER, OR BOTH 



FIELD WELD SYMBOL ® 

-ri<UMBER OF SPOT OR ® 
^PROJECTION WELDS 



Figure 3-16. Standard'location of ele^ient^ on the welding symbol. 
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Figure 3-17 shows the types of welded joints and some applications 
of the welding symbol. 



ARROW- SIDE BOTH SIDES 

SOUARE-GROOVE FILLET - WELDING 
WELDWG SYMBOL SYMBOL ' 

\ 



/ 



BOTH ^IDES 
J - GROOVE 
WELDING SYMBOL 



V 



OTHER SIDE 
U - GROOVE 
WELDING SYMBOL 




ARROW - SIDE 
V -GROOVE 
WELDING SYMBOL^ 



VxguTt 3-17. Application of the welding symhoL 

6. PRACTICE WORK 

^ This practice work affords another opportunity for y^u to check 
your progress. Check your answers with the solutions at the back of 
the booklet. Restudy the attached memorandum where necessary. DO 
NOT send in your answers to these exercises. 

First requirement. Exercise 1 is designed to giv^ you practice in 
drawing screw threads, bolts and nuts, rivets and welding symbols. 
1. ^Complete plate G according to the instructions thereon. Draw 
^ all Qoiy^truction lines with a 6H pencil, crest of threads with 
a 4H^pencil, and all finish lines with a 2H pencil. DO NOT 
submit this practice sheet. - ' 

Second requirement The^llowing four exercises are true or false. 
If you believe a statement is tru^^check ''T",' if false or only partly true 
check "F'. . / 



2. Left-hand threads^vance when turned clockwise. 

3. The depth of a thread is equal to the difference between 
the major and minor diameters. 

4. Fbrmulas f or^rawing bolts and nuts are generally given ' 
in teniis of tie length (L) of the bolt. 

5. The standard convention for showing shop rivets on a 
drawing ia b^sed on the rivet body diameter 



T F 



T F 



T F 



T F 



Third requirement. Multiple-choice exercises 6 through 10 should 
enable you to test your understanding of the conventional methods used 
for showing various types of fasteners on drawings. 

' 4 .. 
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6. The depth of a thread may be determined by: 

a* measurements made parallel With the axis 

b. dividing its pitch by the lead 

taking the difference of its major and minor diameters 
d. counting the niunber of threads 

7. On an eng^eering drawing screw threads are illustrated by: 

a. orthQgraphic or conventional system 
semiconventional or symbolic representation 

c. isometric or freehand sketching 

d. photographic or perspective drawing 

8. The head on a semifinished bolt is: 
. ' a. either square or hexagonal 

b. always square 

c. one-half the diameter 

d. always hexagonal ^ 

9. To provide for filling the clearance allowed between the rivet 
body and the hole into which it is to be inserted, a rivet which 
is to have a countersunk head is extended a length -equal' to : 

a. 1.3 to 1.7 times its diameter 

b. twicfe.the si?e of the head to be fon»ed 

c. three-fourths of its diameter 

d. the diameter of the rivet body 

10. The perpendicular leg of a weld symbol is always drawn to: 
a- right hand c. left hand 

b. near side d. far side 

■ ^ ■. 

EXERCISES 

First requirement. Exercises 1 and 2 will enable you to demon- 
strate your ability to draw screw threads of various types. Also to 
demonstrate just how well you can draw a bolt and*^nut. Follow the 
instructions carefully; your work will be graded on neatness, complete- 
ness, and accuracy. 

^' / 

The upper half of plate H shows/^a series of 'one-inch blocks which 
are to be filled in with^various types i)f screw threads. The requirement 
is to draw threads as indicated^j^/the title of each block and to show 
only ONE dotted line for^a'^hid:aen thread in each^lock. 

The engineer's scales marked 50, 60 and 40 are most convenient 
for marking the pitch distances for 5, 6 and 8 threads per inch. 
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The lower half of plate H shows two pieces T and V to be bolted 
together The requirement is to draw the'bolthead and nut according 
to the given information; scale; 12" = I'-O". Use the regular symbol 
for representation of the threads, DO NOT show dimensions. 

Refer to figures 3-7 and 3-8 in drawing bolthead and nut. 

Second requirement. Solve multiple-choice exercises 3 through 12 
to show that you understand the basic forms of permanent and re- 
moveable fasteners and the conventional method of their presenta- 
tion. In solving these exercises, test your answers against your plates 
G and H! The accuracy of your drawing moyHead to the answer to 
an exercise; or the correct answer to on exercise will help you check 
the accuracy of your drdwing. 

t 

With the centerline already given in block A, plate G, the next 
^procedure in making the semiconventional representation of the required 
screw thread was, to: 

a, mark off the pitch distances on minor diameter line 

b, select the rightjhand thread guide 

c, draw the lines necessary to locate the major and minor diameters 
draw lines to form the crests and roots of the threads 

4. 



Which of the fallowing arq 
thread symbols? 
a* V profile 
b. length 



NOT shown by regular or simplified 

c. threaded portion 

d. majo^^iameter 



5. 

The question mark (?) in the specification note (block A, plate G) 
refers to the number of threads per inch and from table I is found to be : 

a. 5 c. 7 ^ I 

b. 6 - d. 8 

6. 

4 

The diameter of the washer face on the nut (block C, plate G) should 
equal the distance across flats, which to be drawn correctly is: 
a- % D c. 1^4 D \Jy 

b. ^8 D ■ d, D 

The 1" bolt drawn on plate H should be threaded for a distance of 
lVi> times D plus inch, or: 
a- c. 2" 



The thickness (T) for the hexagonal nut on plate H, as found by the 
formula (figure 3-7), if drawn correctly is: 

a. %" * c. 

b. ^ d. 1" 

9. 

On the thread end, bolts are clJainfered at an angle of: 

a. 30° [ c 60° . 

b. 45° d. 90° \ 

10. 

The diameter of the head for the rivet specified in block D, plate G, 
^was determined to be: " 0 

a. 1/4 s c. 3/8 

b. 5/16 d. 7/16 

11. ■ • 

To distinguish them from shop rivets, field rivets are indicated by: 

a, the letter F c. a black dot 

b. a note d. a cross 

12. 

Which of the weld symbols is similar to a rivet- symbol? ^ 

a. field weld ♦ c. slot 

b. bead " d. all around 
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DETAIL AND ASSEAABLY PRACTICES 

I CREDIT HOURS 3 * ^ 

T6XT assignment Attached memorandum, ^ 

AAATERIALS REQUIRED Drafting^kit and plates I, J. 

.LESSON OBJECTIVE To teach you the relationships between 

detail and assembly drawings and the 
practices for making them, 

SUGGESTIONS :--Refer to the suggestions made for lesson 1. 



AHACHED MEMORANDUM 

1. T5ETAIL AND ASSEMBLY DRAWING SYNONYMOUr^HH WORKING * 
DRAWINGS / • • ' 

Detail and assembly drawings have been idenjtified as components 
of a set of working drawings (Engineering Drawing I). Each detail 
drawing and assembly drawing, separately or in combination, constitutes 
a working drawing. The same general procedure for. making working 
drawings should be followed in making detail and^ assembly drawings. 
These include sheet layout, selection of views, selection of scales, ap- 
^plication of centerlines, and dimensioning. Remember the detail drawing 
gives all necessary shop information for the production of individual 
items, and an assembly drawing shows the location of each item in relation 
to one another (See figure 4-1.) 

2. DETAIL DRAWING 

In addition to being familiar with the geineral procedures for making 
working drawiflgs the draftsman must understanji the requirements gov- 
erning detail practices. These vary according to their intended use. In 
general, the draftsman is concerned with two main categories: mechanical 
and construction drawing. The latter is subdivided into structural' prac- 
tices and architectural practices which are covered more completely in 
lesson 7. Only a few significant elements, pertinent to the treatment 
of details in general, are dealt with in this lesson. 

i MECHANICAL PRAflflCE 

In machine drawing, two systems are employed. Both follow th^ 
practice of drawing the details of each pie^ individually on a separate 
sheet: when the ead item is small and consists of only a few parts, the 
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.250 OIA 
4 HOLES 




20NC-2 





f?) HEX HEAD Ju-I- (T) REG. SlOTTED COTTER KEY 
^SCREW(AMSTD) ®^ ^NUTtAM.STD). ^IREOD 
I REQ'D I REQD 



•l25!g^R. 



I MOUNTING PLATE 
i REO'O 



250 DIA 



.25O-J0O3 




(T) RUBBEREX WHEEL 
^ I REO'D 



(9) BALL BEARING ^2-24NC-2 
9 REO'O /-\ 

(7) HEX NUT (AM STD) 

^ I recJd 



|drill 



Stock size 



0q2-24NC'2 
SCREW (AM STD) 
I REQD ^ * 



TRUCK CASTER ASSEMBLY 





TITLE 




AMERICAN MACHINERY CO.N J 


REFOWGWa 


Drawn by 

uJ ^ — 


ChKkcd by 


"^"^ 


Scflit /■/ 


Date drown 


OoM ctecktd 


NO 



Figure k^l. Relation of detatlft versus assembly. 



Si 



"A 



details may be shown on the same sheet with the assembly drawing, as^ 
in figure 4-1. ^ 

a- Multiple-drawing system. Some manufacturlrs use the multiple- 
drawing system, m which different drawings are made for the pattern 
shop, the foundry, and machine shop. In this case, each drawing. presents 
only thai information required by the shop for which th€ drawing is 
intended! 



For "machine details' see dwg 122 
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Note: Fillets and rounds 75 

es otherwise specified 



VjVlACHINERY CO.. NJ. 



No. 121 



* F\gure lf2. Detail drawing for the foundry. 

Figures 4-2 and 4-3 are multiple drawings, figure 4-2 is for the 
foundry, and figure 4-3 is for the machine shop. Notice how 
each drawing gives only that information required by, the using 
shop; on the other hand, notice that both drawings are cross- 
referenced to each other. 

b Single-drawing' system. The practice iftost commonly followed 
employs the single-drawing system, in which all information neceskary 
for the completion of the finished piece is made to be used by all slJops 
involved in its produjltion. 

Figure 4-4 a single drawing to be used by both the f ouiidry 
and the machine shop. Notice how the information required by 
each shop is given separately so that one set of dimensions and 
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• • Figure ^-5. J^etail drawing for the machine ^hop. 

V 




Figure 4-^. Single drawing for use by all shops. 
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data is not dependent on the other; also note that the need. for 
cross-reference is eliminated. 

\ c, Fini^ marks, in dimensioning a machine detail, the draftsman 

' should mark all surfaces of a casting or forging that are to be machiridd. 
Such marking not ofily indicates the machining operation but also siffgests 
to the pattern maker where to provide extra metal on the rough casting 
or forging to allow for machine finishing. Figure 4-5 shows the two 
types of finish marks in'^use and illustrates the method of their construc-y 
tion and placement. The standard mark recommended by the AmericaV"^ 
Standards Association (ASA) is a 60° V with its point touching the 
surface to be machined. while the wings are in the air (away from the 
object) . Figures 4-3 and 4-4 show the application of the standard mark. 
Finish marks should be placed on all vfeijig^ in which the surface to be 
finished appears as a line, even if the line is a dotted line. As previously 
stated (Engineering Drawing I), if the part is to be finished on all sur- 
faces, it is treated by the general note "Finish All Over*'. 

d. Other notes. Rounds and fillets occurring a number of times 
on a drawing are only identified once for each variation in size. The 
note <*TYP'' (abbreviation for typical) is then added to indicate that the 
dimension is typical for other similar rounds and fillets (fig 4-2). , 
This same note may be applied to similar dimensions on a drawing. 
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Figure 4-5, Finish marks. 
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Figure li-6. Rolled-steel shapes. 
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4. STRUCTURAL DETAILS ^ 

In structural drawing, few general rules can be given for presenting 
details because of the variety of matet*ials worked with^and the methods 
used jtn their fabrication. Typical details are discussed in relation to 
materials; only structural steel, reinforced concrete and wood are dis- 
cuss^ in this subcourse. 

¥ 

5. STRUaURAL STEEL DETAILS 

a, ^mmoQ shapes. Steel structures are composed of rolled-steel 
shapes .used either singly or built up to form members. Figure 4-6 shows 
sections of the common sh^ipes together with the symbols used to identify 
them in notes, dimensions, and bills of materials. Dimensions for de- 
tailing these and other less used shapes are described completely in the 
American Institute of Steel Construction (AISC) handbook or military 
standard specifications. Abbreviations and ord^r of specifications for the 
shapes given in figure 4-6 are as follows: 

Equal angles, L 2 x 2 i 3/16 x S'-O" (size of legs x thickness 
X length) 

Unequal angles. L 5 x 3 x % x 6'-(y' (size of long leg x size 

of short leg x thickness x length) 

Plates. PI 12 X 34 X 3'-6" (width x thickness x length) 
Giannels. 61_i 10.5 x 9'-8" (depth x weight/foot x.length) 
I beams. 10 I 35.0 x 12'-6" (depth x weight/foot x length) 
Wide flangle shapes. ,16 WF 64 x 18'-3" (nominal depth x 

weight/foot X length) 

b. Actual size and weight versus nominal size classification. The 
process for rolling structural-steel shapes permits a wide range of actual 
sizes and weights within a single nominal size classification. Although 
a beginning construction draftsman may not be required to prepare steel 
detail drawings, he should be aware of the reasons for specifying mem- 
bers in the manner described above. Steel details cannot be prepared 
without a structural steel handbook that specifies the actual dimensions 
for the various weights. Example of such data are given in tables I, 
n and n. 



Table I. American Standard Channels, 
Dimensions for detailing 



Depth of 
section 

SS: 


Weight 
per 
foot 


Flange 


Web 


Width 


Mean 
thickness 


Thicl^ness 


in 


lb 


in 


in - 


in 


6 


13.0 


21/s 




^ % 


7/16 




10.5 


. 2 






5/16 




8.2 ' 


1?8 




% 


3/16 



Table n. American Standard Beams. 
Dimensions for'^detailing 



'ma 



Depth of 
section 


XXfatrrVfi- 
TTClgnC 


Flange 


Web 


, per 
^ foot 


* Width 


IVIean 
thickness 


Thickness 


in 


lb 


in 


in 


in 


' 10 . 


35.0 
25.4 


5 

4% 




% 
5/16 



Table m. Wide Flange Shapes. 
Dimen^ons for detailing 



Nominal 
size 


Weight 
per 
foot 


Depth 


Flange 


Web 


Width 


Thickness 


Thickness 


in- 


lb 


in ' . 


in 


• in 


in 


16 X 111/2 


96 


16% 


. 11 Mi ' 




9/16 




88 


16% 


11 y- 


13/16 




16 X 8V2 


78 


• 163/8 , 


8% 




9/16 




71 


16Vs 


8% 


13/16 


V2 




64 


16 


8y2 


11/16 


7/16 




58 


15'/8 


8y2 


% 


7/16 




'si 










16 X 7 


50 


161/4 


7ys - 


% 


% 




45 


16% 


7 


9/16 


% 




•40 


16 


7 


¥2 


5/16 < 




36 


15% 


• 7 


7/16 


5/16 



c* Shop drawings. Steel structural members are prepared in special 
fabricating shops, and the drawings showing the required fabrication 
of parts and methods of assembly are called shop detail drawings or 
/dimply shop drawings. Figure 4-8 is a shop drawing of a structural 
steel member made from a single rolled shape. Figures 4-7, 4-9 and 4-10 
are shop drawings of members built up of a combination of rolled shapes. 
The practices for detailing structural steel, as illustrated by these figures, 
include the following: 

(1) Workmg lines and working points. Shop drawings are made 
about light working lines laid out first along the centerlines or rivet gage 
lines to form a skeletpn of the assembled member. The intersections 
of these working lines are called .working points from which all dimen- 
sions are given. This skeleton is usually the same as, or taken from, 
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he designer's stress diagram. Generally, the skeleton diagram is drawn 
to a small scale on the shop drawing (fig 4-7). 

(2) Belative position of parts. Parts to be riveted or welded to- 
gether in the shop are shown in the same relative position (vertical, 
horizontal, or inclined, as in fig 4-7) which tliey will occupy in their as- 
sembled position in the structure, instead of being detailed individually, 
as is the practice for machine drawing. ' . 

Note in figure 4-7 that due to the truss being symmetrical about 
each side of center, only hal/ of the truss need be shown. In such 
cas6s, it is always the left end v/hich is drawn. 

(3) Long vertical or' inclined memjbers. Long vertical (columns) 
or inclined (braces) members are sometime drawn in a horizontal posi- 
tion on the drawbig. When thus drawn, a vertical member is dra\ra 
with the bottom*^kt the left (fig 4-9), and an inclined member is dra\ra 
in the direction it would fall. 

^ (4) Scales of shop drawings vary from V^!' = V-V' to 1" = I'-O'' 
depending^ on the size of th^ drawing sheet as compared with, the size- 
of the structural member. Usually two scales are used in the same view, 
one denoting length and the other showing the cross section at a larger 
scale than the length, as in figure 4-7, Often, it is expedient to disregard 
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Figure 4-10. Typxcal ateel frame construction. 
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scaled length and draw the member as if there were breaks in the length 
(although not shown on the drawing, as in fig 4-9) so that details of 
intermediate connections and rivet spacings at the ends can be drawn 
at the same scale as the cross section. 

(5) 'Dimensions are always placed above the dimension line. Re- 
member on construction drawings, the dimension lines are unbroken: 
Dimensions are given to centerlines and working lines, never to the outer 
edges of rolled shapes (except for length dimensions), and extension lines 
are drawn in accordance with routine drawing practice. When members 

N differ in length only, they may be shown by a single drawing. When 
thus drawn, the differefat lengths are, given separately and are identified 
by erection marks at the left end of each dimension line. Figure 4-8 
shows two ^ beams detailed on the same drawing. 

(6) S£ees of rolled shapes are specified by abbreviated notes as 
described in paragraph 5a* The specification note may be given along 
with the length dimension (fig 4-8) or is placed hear and parallel to the 
part as my figures 4-7 and 4-9. In some cases, it is advantageous to. place 
the sQ^^'cation right on the front view of the shape (fig 4-10-). 

(7) Slopes of members and inclined centerlines, cuts, and so on, 
are'mdicated by their tangents. The value of the angle is given by con- 
structmg a small right triangle (not necessarily to scale) with its hypote- 
nuse on or parallel to the skewed line. The long leg of the triangle is 
always labeled 12, meaning 12 inches. Figure 4-7 illustrates the manner 
in which the slope triailgle is used. 

(8) Erection marks facilitate the identification of members. Like 
mdex marks on a foad map, they consist of capital letters (B for beam, 
C for column, T for truss, and so on) indicating the type of member 
and a number giving the specific member in an assembly or its location 
in the structure. They are indicated in*subtitles of shop drawings (fig 
4-8) and on erection diagrams as in figure 4-10. 

(9) Assembly marks identify the use of the same shape m more 
^ than one place. The member is completely specified once and then given 

an assembly mark (lower-case letter, to avoid confusing.it with the 
erection mark). It is not necessary to repeat the complete specification 
in identifying similar members. For example, see the specification "2 
^ 8 X 6 X 1/2 X 12 (a)" in figure 4-8. 

6. REINFORCED CONCRETE DETAILS 

The drawing of concrete structures requires carefuj attention in repre- 
>^sentation anispecification. Location of the reinforcing steel is shown 
in 'detail draw'fega^of the various structural members. However, it is 
not possible to show the shapes and sizes of the reinforcing bars by the 
usual orthographic views, and a systematic method of marking is used in 
which bars are identified by symbols and reference numbers. Once as- 
signed, the same reference number is used to identify the bar in any 
view in which it appears. Reinforcement size-and-shape details are pro- 
vided in a- separate reinforcement detail drawing >yhich consists of a 
^inforcement schedule and diagrammatic bar-bending details. 
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Figure ^-li. Reinforcement symbols, 

a. Symbols. The symbols used in preparing drawings of reinforced 
concrete structures include th^ material symbol for concrete in section 
and the symbols for reinforcing steel. 

(1) Concrete. The symbol for concrete (fig 4-18) in section indi- 
cates coarse and fine aggregate and is drawn freehand. Fine aggregate 
is represented by fine dots and coarse aggregate by irregularly drawn 
triangles. Draw the' large aggregate symbol first in random pattern and 
fill in sparsely with dots. Use 2H pencil (commercial No. 3) to prevent 
smearing. 

(2) Reinforcement. Figure 4^^||^resents the symbols for typical 
shapes of reinforcing steel. Figures 4-12, 4-13, and 4-14 demonstrate* 
some applications of these symbols. 

Notice that in addition to their symbolic representation reinforc- 
^ ing bars parallel to the section are represented by heavy dashed 
lines; those perpendicular to \he section are represented by 
heavy round or square dots, depending on the cross, sectional 
shape of the bars. 

b. Reinforcing schedules. Figure 4-12 shows a portion of a main 
floor plan and examples of reinforcing schedules for slabs, bar bends, 
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Figure ^-12, 



Typical reinforcing plan. 
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and beams as located on the plan. The No. column lists the quantity re- 
quirement; size refers to the bar diameter; length to the stretchout length; 
type to the shape of bar; and bending details to the outside lengthsof 
the straight and curved segments. The shipping mark- gives dimensiohs 
in code, the first, number giving bar diameter in multiples of V« inch 
and the other 3 or 4 numbers giving overall bar length in feet and inches. 
Mark 4073 means 1/2" dia 7'-3" long; mark 31810 means %" dia 
18'-10" long. 

c Bar-bending details. Bar-bending details resembl^the diagram- 
matic shapes shown in figure 4-11. Note the manner in which bar bending 
details are indicated in reinforcing schedules (fig 4-12) . 

d. Section details. Figures 4-13 and 4-14 illustrate the manner in 
which basic information is giveri in typical reinforcement section details. 

7. WOOD CONSTRUCTION DETAILS 

Wood is a basic, almost universal, construction material and is used 
widely by the Army, particularly in theater of operations (TO) build- 
ing To prepare detail drawings, notes, schedules, and bills of material 
for wooden structures it is important that the construction draftsman 
has a thorough knowledge of its application. This section is concerned^ 
only with the practices for detailing framing of light structures such 
as one- or two-story buildings used as barracks, small shops, and so on. 
Practices for detailing doors, windows, stairs, and other finished trim, 
■ is coVered under architectural practices (par 8, below). 

a. Classification and grade. ' The kind and grade of ^y6od to be 
used is noted on the drawing, listed in bills of material, or specifications. 

(1) Wood is divided into two classes: hardwoods, which have 
broad leaves; and softwoods which have leaves like needles or scales. ^ 
Hardwoods. Some familiar native species of the hardwood or 
decidious class are ash, beech, birch, hickory, maple, and oak. 
Lumber cut' from hardwoods is not generally used for the con- 
struction of structural framing, but is used principally for floor- 
ing, special interior paneling, trim and doors. 
Softwoods. Most native species of softwoods bear cOnes and 
are called coniferous woods. Some familiar softwoods are cedar, 
fir, pine, spruce, and redwood. These woods m easily worked 
and make suitable material for structural framing. Of the 
varibus softwoods, southern yellow pine and Douglas fir are the 
varieties, used most frequently for construction. 
Southern yeltow pine. All southern yellow pine used for struc- 
tural purposes is classified as longleaf or shortleaf. When de- 
scribed in a' bill of material or specifications, longleaf yellow 
pine is abbreviated as LLYP, and shortleaf yellow pine is ab- 
breviated as SLYP. 

Douglas fir. Douglas fir in the form of lumber and timber is 
one of the most desirable woods for structural purpose. It also 
has extensive use as poles, piling, or ties, and large quantities 
are cut into veneer for plywood and other purposes. 



(2) Grading. Softwoods and hardwoods are graded by different 
standards. Only softwood grading is considered here because as explained 
previously, hardwoods are rarely used for structural purposes and the 
construction draftsman is seldom required to describe hardwoods in the 
notes or bill of material. 

Grading criteria* In most cases, the g^de of lumber is based 
on the number, character, and location of features such as 
knots, pitch pockets, and so on, which are commonly called de- 
fects and defined as any irregularity occurring in or on wood 
that may lower its strength, durability, or utility values. The 
best grades are practically free of these features; others, com- 
prising the greater bulk of lumber, contain fairly numerous knots 
and other natural growth characteristics. 
Select lumbe'^ is the general classification for lumber of good 
appearance and finishing qualities. Grades A and B are suitable 
for natural finishes; grades C and D are suitable for paint finishes. 
Common lumber is the general classification for lumber con- 
taining the defects and blemishes described above. The grades 
' are numbers 1 through 5. Nos. 4 ^nd 2 are for use without 

waste in framing and sheathing; No. 3 can be used for temporary 
construction. . Nos. 4 and 5 are NOT generally used in construc- 
tion because they are of poor quality and are subject to much 
waste. 

h* Surfacfaig and worked lumber. Lumber is further classified ac- 
cording to the maimer in which it is milled. 

(1) Surfacing. Lumber may be rough or dressed, depending on 
amount of planing done in the mill. 

Rough lumber is as it emerges from the saw, or unplan^d; when 
indicating rough lumber, the abbreviation is RGH. 
Dressed or surfaced lumber is the rough lumb^ after it#has 
been run through a planer. It may have any combination of 
. edges and sides dressed, such as: (SIS) surfaced on 1 side; 
(S2S) surfaced on 2 sides; SXSIE surfaced on 1 side and 1 edge; 
and (S4S) surfaced on 4 sides. 

(2) Worked liunben Worked lumber is milled with ^ matcher, 
sticker, or molder; it can be matched, shiplapped, or patterned. 

Matched lumber is cut so that it interlocks. A common type is 
tongue and groove (T & G), in which a groove is cut-«roRe-^dge " 
and a mating bead, or projection, is cut in the other edge. This 
tyi^e lumber is used largely in flooring and siding. 
Shiplapped lumber is cut with a square step on either edge, the 
projection, on one edge at the bottom and at the top on the 
other edge; in this way, adjacent boards overlap each other so 
as to form a joints Shiplap is used largely fca* siding. 
Patterned lumber is^ cut in many designs and is used for door 
and window trimming. . 

c. Actual and nominal sizea of lumber. Sizes o/ lumber are specified 
by nominal dimensionsX which differ from the actual dimensions of the 
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milled pieces. When lumber is run through a saw and planer its nominal 
size remains the same but its actual size is reduced by the amount of 
surfacing it undergoes. Approximately ^4 inch is planed off each side 
in surfacing. Lumber is also divided into groups according to size, 
namely: strips — pieces less than 2 inches thick and under 8 inches wide; 
boards — less than 2 inches thick and more thin 8 inches wide; dimen- 
sioned Iximber — 2 to 6 inches thick and of any width; and timber — 6 
or more inches in the least dimension. Dimensions of some common sizes 
are given in lable IV, 



Table IV. Standard Sizes of Lumber (inches)* 
STRIPS ^ 



Nominal size 


1x2 


a X 3 


1x4 


1x6- 


Dressed size 


25/32 X 1% 


25/32 X 2% 


25/32 X 3% 


25/32 X 5% 



BOARDS 



Nominal 
size 


1x4 


1 X 6 


1 X 8 


1 X 10 


1 X 12 


Actual size, 
common 






25/32 X 7V2 


25/32 X 9^2 


25/32 X 11 Vo 


Actual size, 
*shiplap 


25/32 PC 31/8 


25/32 X 51/8 


25/32 X TVs 


25/32 X 9% 


25/32 X 11 Vs 


Actual size, 
♦T & G 


y ^ 

25732 X 31/4 


25/32 X 5V4 


25/32 X 71/4 


25/32 X 9V4 


25/32 X 11 



• width of face. 



DIMENSIONED 



LUMBER 



Nominal size 
Actual size . 


2x4 

1% X 3% 


2x6 

' 1% X 51/2 
\ 


'2x8 

l-)8 X 71/, 


2 X 10 ■ 

1% X 91/2 - 


Nominal size 
Actual size 


4x4 

3% X 3% 


4x6 

3% X 5V-> 


4x8 

3% X 71/2 


4 X 10 

3% x'91/2 


Nominal size 
Actual size 


6x6 

51/2 X 5V2 


6x8 

51/2 X TMj 


8x8 

7V- X 71/2 


. 8 X 10 

71/2 X 91/2 



d. Parts of a frame structure. It is essential tliat tlie construction 
draftsman be familiar with tlie nomenclature and function of the various 
members. There are three principal types of framing foj light structures: 
baUoon, braced, and western. The Western or platform method, which 
includes some of the best characteristics of the other types but minimizes 
the need fck^iUed workmen, is the method generally used in military 
structures^' The-prtnclpal wood members are the joists (horizontal fram- 
iiig), studding (vertical framing), and rafters (roof support). The fram- 
ing is doubled around openings for stairs, doors,, and windows. Figure 
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4-15 illustrates structural framing (western method) and gives the parts 
of a light fraii^e structure. ^11 of these parts do not appear in every 
building, and diiferent materials, may be used for some of the 'parts. 

e. Symbols, Because .of the small scale Is" = I'-CT' or Vi" = I'-O" 
used on construction drawings it is necessary to use symbols since it is 
not possible to show actual details. Walls and partitions are shown by. 
parallel lines drawn to represent their thickness (fig 4-19). Some symbols 

Qfor doors are shown in figure 4-20; notice that single lines show the direc- 
tion of opening or swin^. Figure 4-21 illustrates the symbols for show- 
ing various styles of windows. Symbols for wood are included in figure 
4-18; notice the distinction between section, finish (exterior), and rough 
(block) symbols. Figures 4-16 and 4-17 are general detail drawings. 
These figures show the wall section and the roof truss for the TO building 
shown in figure 7-3, and illustrate wood detailing practice. 
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Figure 4-16. Typical wall section detail (see figure 7-S). 
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* Figure -jt-i7. Detail of roof truss and roofing. 

8. ARCHITECTURAL DEl^ll^ ^ 

Architecture, in itself, is based upon the study of fine arts and is 
beyond the scope of ^ this subcourse ; however, the construction draftsman 
will work with architectural drawings of one sort or another and should, 
therefore, imderstand.s^p^of the practices employed by the arcfifitect^. 
Such parts which cannfiOe shown in sufficient defihjten^s on the small- 
-scale general drawings (see lesson 7)^are drawn on larger scale drawings. 
These include, but are not limited to stair details and detail sections' of- 
such items as sills, doors, windows, framing, an'd so on, required to show 
. both construction and architectural design. Later, as the construction 
progresses and actual measurecASnts can be taken, the drawings are sup- 
plemented by fu^l-size .details of moldings and other ornamental millwork. 

a. Conventional symbols for building materials^ \yalls, partitipns. 
doors, and )^indows are illustrated in figuf'es 4-18 to 4-21. 
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Figure 4-18. Symbols for building materials. 
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Figure ^-20, Typical door symbols. 
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Ik SUl details. From figure 4-15 it be noted that the sole plate, or^ 
sill, is th§ horizontal member on which the studs (vertical members) rest. 
The manner in which it is supported depends on the types of footing^ or 
foundations usecUon the construction of the building. Typical variations 
of sill details j/re illustrated in figurg 4-22. 
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Figure 4-22. Typical sill details. 
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Figure 4-23, Oirder and joist connections, 
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Girder and joist connections* Joists are connected to sills and 
girders by several methods. In Modern construction, the method that 
requires the least time and labor and yet gives the maximum efficiency 
is used. The same rule is followed in the theater of operations. Figure 
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Figure 4-^5, Stairways and steps. 
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4-23 shows three] constructions for girders and methods of supporting 
the inside ends of flodr joists; outside ends of floor joists are supported 
as shown in figup6 4-22. ^ 

d. CJbmlce details. The usual rooMraming members are shown and 
named in figures 4-15 apd 4-17. RaJfrer ends .are enclosed with facia 
boards or wooden cornices. Various methods of cornice construction 
are illustrated in figure 4i24. 

e. " StiSrways. In drawing an inside stairway, *a diagram (ffg 4-25) 
is made to determine the number of steps and space requirements. The. 
standard for the riser, or height .from step to step, is from 6V2 to 7M» 

* inches. The tread width is usually such that the sum of riser and tread 
approximate 17 inches (a 7" riser and IV tread is an accepted standard). 
On the plan the lines represent the edges of the risers and are drawn as 
far apart as the width of the tVead.' Notice how the scale may be used 
to divide the height (floor to floor) into the number of steps. For out- 
side stairs or steps, as for a porch or platform, the' risers and treads 
may vary from the above stan(^rd. The tyge of step most common in 
field construction is illustrated in figure 4-26. 
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Figure 4-^6, Outside steps. 



f. Windows. Such a wide variety of windows are in use thkt it 
is not practical to attempt to show them here. A few contemporary 
types are: (1) casement, hinged at the sides to swing open, (2) .slider, 
move sideways, and (3)Niouble huA windows, which move up and down 
usually balanced with cast iron weights. A drawing of a wood sash with 
nomenclature of parts is illustrated in figure 4-27. Figure 4-28 shows 
the. detail of a typical wind&w for a TO building (fig 7-3). 

g. Doors.. The, heights of doors may vary by^ 2-inch increments 
from 6'-6" to 8'-0", but the usual height is 6'-8"; width may vary fro^;n 
2'-0'' to 3'-0", but the standard^is 2;-8". - Sizes are indicated as width x 
height X thickness. An interior door with nomenclature of parts is shown 
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Figute 4-27. Typical wood aaah detail. 
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at A in figure 4-29, and an exterior door is shown at B. Figure 4-30 shows 
the detail of a typical door for a TO building (door D2, fig 7-3). 

Notice how figures 4-28 and 4-30 are titled and given a code 
(capital letter and number) in order that each detail can be 
identified on plan and elevation drawings (fig 7-3 and 7-4) . Also 
note that the scale of each detail is indicated with the detail 
subtitles, ^ 
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see figure 7-3). 



9. ASSEMBLY DRAWING 

Throughout the discussion of detail practices emgfiasis was made 
concerning the coding and identificsttion of parts and their relative posi- 
tion in a njachine or'stnicture. Since the purpose of the assembly drawing 
is to sho^ the location' of the detailed parts in relation to each other,^ it 
is of utmost importance that all detailed parts be identified on the assembly. 

a. Identification of parts. As illustrated in^figure 4-1, parts in 
a machine are identified on the assembly drawing by numbers used on 
the details. An alternate method is to letter the name of the part and 
notes for each part and draw a ^der pointing to it in the main view. 
The making of general drawings (plans, elevations, framing) for struc- 
tural and architectural drawing has been made the subject of lesson 7, 
and the methods of cross reference to details will be found therein. ^ 
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b. Checking, It is to be remembered that. assembly drawings can 
be traced from the design assembly drawing, but more often ,they are 
redrawn to a smaller scale from the dimensions of the detail drawing 
(Engineering Drawing I). This redrawing, being done from both the de- 
sign and details, offers an excellent check which frequently reveals errors. 
Hence, the assembly should always be completed prior to acceptance of 
the details as final 

10. PRAaiCE WORK 

This practice work will enable you- to determine just how well you 
understand^ the relation between detail and. assembly drawings, and the 
procedures for making them. Check your answers with the solutions 
at the back of the booklet. Restudy the attached memorandum where 
necessary. DO NOT send in your answers to these exercises. 

Ilrst reqoireinent Exercise 1 is designed to give you practice in 
drawing details in accordance with prescribed practices. , 

L Plate I shows a plan view and section of a stairway opening, 
i You are required to complete the riser-tread diagram showing 
the number of risers and the space required for a standard 18" 
rise and tread. Complete the plan view. DO NOT submit this, 
practice sheet 

t 

Second requirement. The following ten exercises are true or false. 
If you believe a statement is true check f al^ or only partly true 

check "P". * - > 

The general procedures for making working drawings 

are applicable in making detail and assembly drawings. T F 

3. The most common practice in machine drawing is to 

make different drawings for each using shop.* T F 

4. " Only one scale, usually W = I'-Cy^ should be used in 

any one view in making a shop drawing of a structural 
member. T ^ 

5. The use of an assembly ni||k makes it. possible to iden- 
tify like structural shapes without repeating the com- 
plete specification note. T F 

" 6, The shapes and sizes of reinforcing bajfs are shown by 

the usual orthographic representation. T' F 

7, The abbreviation S2S in a bill of material for lumber 
specifies the surfacing or amount of planning to be done 

by the mill. T F 

8, Balloon framing is generally employed in military con- 
struction bec^se its use minimizes the need for skilled 
carpenters. ^ t * T F 

d. Architectural details of ornamental millwork are gen- 
erally based on actual nleasurements taken as construc- 
tion progresses. ' • • T *F 
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10. ■ A stairway constructed with a 7^4 -inch riser and a IOV4- 

inch tread ipeets the standard requirements fdr stairway 
design. , T P 

11. Part names and notes with leader lines pointing to each 
part is an alternate method of identifying machine parts 

on an assembly drawing. T P 

EXERCISES 

First requirement. Exercise 1 will enable you to put into prac- 
tice.what you have learned about structural steel details. Follow the 
instructions carefully; your work will be graded on neatness, layout, 
completeness, and accuracy. 

\y 1. \ 

On plate J make a shop drawing of the \am B12 ,f or the steel frame 
construction shown in -figure 4-10. 

' This drawing is to be similar to the drawing shown in figure 
^ '4-8. All rivets to be 7/8" with 15/16" holes; let gage = 2 ,1/2 
inches and pitch = 2 inches for field connection of 6 x 4 angles 
tC ie WF 78 columns. Distinguish between shop and field rivets. 
Use 14" = foro beam .length and 1" = I'-C for section 
* details, Show air applicable dimensions, erection arid assembly 
^ marks. * \ 

lecond requirement. Solve multiple-choice exercises 2, 3 and 4 
to sho>A|^ that you understand! mechanical detail practices. 

2. 

How many systems are employed in making detail drawings of ma- 
chine parts? 

' one, c. . three j 

b. two _ d. four^ 

* - ^ ' 3. 

The^ultiple-drawing sj^m employed in machine drawing requires 
that each drawing: v- , „ * 

a. mu'st have fhe same scale V 

b. show an assembly view of the part . ^ 

c. be cross-referenced, one to another 

d. includes th1?e orthographic views > 



' In- the single-drawing system the mechanical practice is that: 

a. information required by each shop be given separately 

b. separate .drawings be made for each using shop 

c. each drawing be crosg-referenced to all other drawings 
' d. all dimensions be related to a single base line 
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Third requirement. Multiple-choice exercises 5 through 8 concern 
the practices followed in making structural steel details. 



What is the flange width and thickness of a structural member 
identified as 16WF78 x 18'-0"? 

a. 7; 7/16 c, 8 1/2; 5/8 

b, -7; 1/2 . d, 8-5/8; 7/8 % 

6. 

What is nominal size of the structural menoffer specified in exercise 5? 

a. 16 X 6 c, 16 X 8Y> 

b. 16 X 7 „ d, 16 X 111/2 



A column may be drawn in a horizontal position on the drawing, in 
which, case: 

a. it is drawn with the bottom at the left 

b. it is drawn as a beam 
only one scale is necessary 

d, ii is drawn symmetric^ about its center 

8. 

Details of intermediate connections and* rivet spacings are sometimes 
shown on shop drawings: 

a. without regard to scaled length 

b. when the scale is such that they can be shown in true size 

c. if only the plan vi^w is required 

d. simply by a specification note . 



Fourth requirement. Solve multiple-choice exercises 9 throu^ 12 
to show what you have learned about reinforced concrete details. 

Reinforcing bars perpendicular to the s^tion are represented on sec- 
tion details by: ^ ' 

a. heavy dashed lines . c. round or square dots 

b, typical shaped ' , . d, the symbol for steel 

10. 

The' shipping mark for a "/s-in»h bent reinforcement bar with an 
overaU lengtli of 16'-8" is: » 

a. 1887 c, 70168 

b. 7168 ' ' ' -d. 78168 
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11. . ^ 

The "length'' column of a reinforcement schedule lists the: 

a, overall length c. stretchout length 

b. details to outside lengths d. segment length 

12. 

Bar-bending details listed in /reinforcement schedules are illustrated 
by: j 

a. diagrammatic symbols c. shipping marks 

b. " abbreviated notes length diagrams 

fifth requirement. Multiple-choice exercises 13 throughylS will 
enable you to show your understanding of wood construction details, 

18. 

Which of the following abbreviations identifies the classification of' 
a wood used most frequently in construction? * 

a, PLYWD ' c. T & G 

b. RGH ■ d. LLYP 

• 14. ; 

Which of the following grades of lumber are both suitable for use 
when the finish is to be painted?' 
a. A and B " c. B and C 

■ b. A and C d. C and D 

15. 

In Jaills of material, lumber to be dressed on' four Sides, is listed By 
the abbreviation: .. ^ " 

a. SOFS ' c. bOFS * * " - - . 

b. S4S . ' ^' '-^^S 

16.* 

The actual size of a 2 x 4 used fbr studding is: 

a. 1% X 3fs • «• I'-'s ^ ^ 

-b. 2x4 . d. 2x3% 



17. 

. The swing or direction of opening of doors is shown by: 

a. an arrow ' > door schedules 

b. a single line" ' d. section details 
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18. 

The purpose of a detail code is to aid in identification of the detail 
on the following related drawing: 

a. profile c. orthographic 

b, ' section , • d, plan 

Sixth requirement. Multiple-choice exercises 19, 20 and 21 per- 
tain to architectural details and assembly drawing. \ 

19. 

In theater of operations construction the method-of connecting joists 
and gills is usually the one that requires the least time and labor and yet: 

a. saves material c. results in maximum efficiency 

b. permits use of local materials d, employs simplicity of design 

20. 

The standard width and height of doors is: 

a. 2'-0" X 6'-6" ' c. 2'-10" x T-0" 

b. 2'-8" X 6'-8" d.. 3'-0" x S'-O", . 

21;, ^ 

An assembly drawing frequently reveals errors in details and should 
therefore be: ' * ^ 

a, '*; careftiljy^ traced from the design assembly 

b, redrawn frp^i both the design^ and detail drawings 

c* redrawn' to a smaller sca^e from the detail' dimensions 
*d. completed Iqefore accepting the details as final 
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LESSON 5 . 

INTERSECTIONS AND DEVELOPMENTS 

CREDIT HOURS 3 ^ 

TEXT ASSIGNMENT Attached ,nnemorandum, 

MATERIALS REQUIRED 1, -.Drafting kit and plates K, I, M, N, , ' 

LESSON OBJECTIVE To teach you how to find the intersection 

^ of two geometric surfaces and ho^ to 
draw all surfaces' of an object in their 
^ ' . 'Volled-out-flat" form, 

SUGGESTIONS Refer to the suggestions made for lesson 1. 

— ' ' '■ = TT" ' ' 

, AHACHED MEMORANDUM 

1. DEFINmONS 

A plane is a flat surface in which any two points could be joined by 
a. straight line whidh lies entirely in the surface., . 

A curved surface is a, surface no part 9; which is a plane surface. 

A- soUd- object is a portion, of space which is completely enclosed ^by- 
plane or curved surfaces, or a combination of planes and^curved surfaces. 
- 'A ruled surface is a surface'which caif be "ruled or generated by a 
straight; line moving in a prescribed manner. - 

• A straight line, which moves; along a plane curve while remainmg 
parallel to a fixed line generates a cyUndrical surface. 

The moving line'is called a generatrix, the- curve is called a di- 
' rectrix', and any one position, of the generatrix is called an ele- 
ment. ^ ■ ■ 
A- straight line which" moves so that it always intersects a closed 
plane curve wliile passing through a fixed point not in the plane of the 
curve, generates a- conical surface. 

If the closed cufve is a polygon, the surface generated is 'a 
■ pvTamldal surf ace: The fixed point is called a vertex. Two coni- 
cal or pyramidal surfaces are generated", one on each side of 
the vertex, called nappes. , 
If two surfaces intersect, theiline' joiriipg all points common to both 
surfaces is called the line of intersectipji. . ' ' 

A development is the complete surface of an object showing itg tnie 
size and shape when opened and unfolded or rolled out flat in a single 
plane. 

, > ' V. . 5-1 

^ s \ 




The surfa(?es of some objects cannot be developed and are said 
to be non-developable. The surface of* a sphere cannot be de- 
veloped. , 

When one nappe of a pyramid or a cone is cut by a plane parallel 
to its base and cutting all elements, the solid thus formed is ,called the 
frustum of a pyramid or conev^ ^ • 

The frustum of a prism or a cylinder has the same shape as 
the whole prism or cylinder, and hence requires no additional 
definition. 

When one nappe of a ^ycamid or a cone is cut by a plane not 
parallel to its base and cuttingjlll elements, the solid thus formed' is 
called a truncated pyramid or cone. 

When a prism or a cylinder is cut by a plane not » parallel to 

its base and cutting all elements, the solid thus formed is called 

a truncated prism or cylind^^• i 

r 

2. INTERSECTIONS .a 

• x> ♦ 

It is necessary to find the line of intersection of, two surfaces before 
the surf a<?es can be developed. In general the .problein is one of finding 
the line of intersection of two solid geometrical shapes "or objects. When 
both objects have shapes which consist of plane surfaces, the solution 
is most elementary, because the intersection of two non^rallel planes 
is a straight line, the intersection of a line not parallel Wa plane and 




Figure 5-L Intersection of two objects with plane surfaces. 
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the plane is a single point', and a straight line is determined by any two 
points 'on the line, ' 

a,. Two objects having plane surfaces* Study figure 5-1 which il- 
lustrates the case of a right triangular prism intersecting a right rectangu- 
lar prism. A pictorial vie\y is shown to aid in the visualization of ,the 
problem. The procedure is as follows: 

(1) 6i*aw two related orthographic views, 'the top and froni 
views were selected in figure 5-1. The side view could be used instead 
of either top or iront views, but a third orthographic view is not necessary. 

(2) It may be helpful to 'sketch* an end View of the triangular 
prism as shown by A i, 2, 3 in figure 5-1. The. edges. of the triangular 
prism in the top view intersect the faces of the^reptangular prism in 
points A,^B, C, and D. Project points A, B, 0, D to front view and 
extend the edges of the triangular prism in the front view, thus locating 
the points A, B, C, and D, \ ' 
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FRONT' VIEW STEP I ' ^STeV Z ' • STEP 3 



^ Figure^ Intersection of a regular hexagonal priam and a right circulat cone, 

. . ' . .100 

99 ■ • . 



(3) Connect points A and B in front vi^w. Hidden edges l^C, CD, 
and AD are underneath the visible lines. ... 

/ > ' • ^ 

One object with plahe surfaces .and^ne with curved surfaces. 
When one object having plane surfaces intersects an objept with curved 
surfg^ces, the line of intersection is a curved line. Figure 5-2 illustrates 
some of the various intersections which may result from the^ intersection 
of a plane and a right circular cone. If the plane is parallel to the base 
and cuts all elements of the cone, the 'intersection is a circle (A-fig 5-2). 
If the plane is not paralleLto,the base and cuts all elements, .the intersection 
is an ellipse (B-fig 5-2). If the plane is parallel to. an element of the 
cone, the intersection i9 a parabola (C-fig 5-2) . If the plane is- parallel 
to the axis .of the cone it cuts both napped and the intersection is a 
h3T)erbola (P-fig 5-2)\ Some special cases not shovwi ar^ a point, a single 
straight line, and two intersecting straight lines. 

Figure 5-3 illustrates the intersection of a regular hexagonal prism 
and a right circular cone. Each face of the prism will cut. the cone in 
a hyperbola (D-fig 5-2) and the intersection will be a series of six hyper- 
bolic curves joined end to end. Two related orthographic views are 
necessary in order to plot points on the intersection. In figure 5-3 ,the 
top and front views are used. The top view shows the regular' hexagonal 
prism A, B, C, D, E, F centered at O.the vertex 'of the cone. The proce- 
dure for plotting; points on the intersection is as follows: 

(1) In the top view draw a circle circumscribing the hexagon. . 
, Project the pointy A and D, the ends of the diameter, to the front view 

where the projection lines meet the side elements of the cone at A' and 
ry. Draw cutting plane I-I, which is the circle on edge, through A' and 
jy. Also project points B and C to the points B' and C on the plane M. 
The intersection of a*^ plane parallel to the base of a cone is a. circle as 
shown at A in figure 5-2. ^ 

(2) In the top view inscrifee a circle within the hexagon. Project 
this circle to the frcfat view by projecting the end points of its diameter 
to the sl^e elements of the cone, where it appear/on edge as the cutting 
plane II-II. Also mark the points G, H, and J, the points where the in-, 
•scribed circle is tangent to the face^ of tHe prism, in the top view, and 
project points G, H, and J to the points G', H', and. J' on the plane H-H, 
thus locating the high points of each hyperbolic curve. 

' (3) In the top view draw a circle approxmately halfway between 
the inscribed and circumscribed circles. Project this circle to the front 
view where it appears on edge as the cutting*' plane in-m. In top view 
find points where^the last circle drawn intersects the sides of the prism 
and project these points to the plane III-III thus ■ locating two' more 
points on each curve. ^ 

(4) Using a French curve, draw the hyperbolic curves through the 
points located in (1), (2), and (3). These curves are visible outlines, 
and take precedence over the identical curves formed by the other three 
sides DE, EF* and FA of 'the prism. . ^ \ » ' 

c* Both objects have curved surfaces. When two objects having 
curved surfaces intersect, their line of intersection is an irregular curve, 
which must be plotted by passing a series of construction planes cutting 
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TOP VIE)V 





FRONT VIEW 



PICTORIAL VIEW 



Figure Intersection of two cylinders. 



each object. Two orthographic views ar^ selected, and points on the 
intersection are determined by projection between the two views. Figure 
5-4' illustrates the. steps in plotting the intersection of two cylinders, 
as follows: 



(1) A series^ construction planes are passed through both cylin- 
ders parallel to their centerlines. 

(2) The first plane 'through the centerlines of both cylinders cuts 
the small cylinder in elements numbered 1 arid 7^ and the large cylinder 
in element numbered 8. 

(3) When these elementsf are projected to the f roht view they inter- 
sect in pointg lettered A and G. 

(4) The second plane parallel to the first, cuts the^sinall cylinder 
in elements numbered 2 an<i 6, and th^ large - cylinder in element /lum- 
bered 9. 

(5) When these elements are projected to the front view they 
intersect in points B and*P. ' . • . 

(6) ^ Likewise the plane through elements 3 and 5 on the small 
cylinder and element numbered 10 on the large cylinder, intersect ip the 
front view in points C and E. • ^ 
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(7) The plane tangent tc> the small cylinder in ^ement numbered 
4 cuts the large cylinder m element numbered 1'?., and these elements 
intersect in point D. . ^ ^ 

A French curve is used to draw the line of intersection through 

points A, B, C, D, E, F, and G. 

3. DEVELOPMENT? . ^ ' ^ 

After, the intersection of two objects is determined it is sometimes 
necessary or desirable to draw the surfaces in their unfolded or roUed- 
out=flat condition. Man]^ objects have regular .geometric shapes and their 
surfaces may b^ubdivided into plane shades. The drawing of the .de- 
veiopment of an object may be thus reduced to a graphical addition of' 



D . 
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BOTTOM yiEW * 

N * 

Figure 5-5. Development of a truncated 'pentagonal prism. 
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various plaiw^shapes which .can be rolled or folded into the shape of 
the given object. Fold lines are shown as dotted liifes. Developments 
are drawn as though the surface is unfolded with the inside^of the surface 
showing face up* * 

\ 

* a. Plane* surfaces. When a solid has all of its surface areas made 
up of plane figures, the development is made by constructing the surface 
areas in the same sequence in which they, must be when the development 
is unfolded. It is necessary to select which edges will be cut for open- 
ing, and which edges will be fold or bend lines when^the development 
is .unfolded. Usually the cut Unes are taken as the Shortest lin^s in 
order to save time and material in making seams. Figure 5-5 shows the 
develonment of a regular pentagonal prism, cut by a plane ABCDE not 
parallel to the base making it a truncated pri^m. The procedures are: 

(1) Draw a stretchout line or base line and measure off five equal 
spaces, equal to the edges Df the base pentagon. 

(2) Draw vertical construction lines at each point (1, 2, 3, 4, 5, 
and 1) measured off in step 1 along the stretchout line. 

(3) Locate points letter^ A, B, C, 13,. E, and A by projection 
from the front view to the vertical construction lines drawn in step 2, 
and join these points using a straightedge. ^ 

' (4) Draw auxiliary view, to find true^size and shape of the upper 
base (top), and draw bottom view (lower base) of the prism. 





■Stretchout line 



ELEMENTS I 2^3 4 5 6 7 8 9 lO II 12 I 
Fi(fure S-ff. Development of a right circular cylinder. 
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. Figure 5-7. Constructing a true length dmgrain,^^ 
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(5) Draw upper and lower bas^ by construction in theiciproper 
position on the development. t ^ ^ ' 

The pictorial view is shown in figure 5-5 as an aid in visusllzation 
/ of the object. - j| 

i| ^, 

b. Curved surfaces* Cylinders and cones may be developed m their 
rolled-out-flat shape by donstructing the position of the generalix at 
regular intervals and connecting the end points with a straight edge or 
French curve depending upon the object being developed. Fi^e 5-6 
shows the steps in drawii^ the development of a right* circular cylinder 
as follows: ' ^ \ 

(1) Draw the stretchout line for/a distance estimated to bd slightly 
longer than the perimeter of the base. " \ 

(2) The top view, showmg the base of the cylinder, is subdivided 
into a number of equal parts. The number of subdivisions must be great 
enough (say 12, or 30^ segments) that the length of the chord meas-'- 
ured by the dividers is nearly «qual to the length of the arc subtended 
by^the c^ord* 

/(3) With the dividers set to the length of one subdivision of the 
^ base (B), step off the same number of spaces on the stretchout line 
' as stepped off on the perimeter of the ibase. 

(4) Erect perpendiculars at the end points (1 and 1), and mark 
height A -on the development by projection from the front view. 

c True length diagrams. When develoi^ing a surface having many 
ofilique lines, it is often mord convenient to construct a true length dia- 
gram than to draw double auxiliary views. „ The true length of many 
lines may thenjbe measured and transferred to the development with 
dividers. Figiffe 5-7 illustrates the construction of a true length dia- 
gram for the devel9pment of an oblique cone. Given the top and front 
views in block A, to draw the true lepgth diagram and the development, 
proceed as follows: ' ^ 

(1) Divide the base circle in the top view into a nuigbef Ofej 
' parts (12 parts are used in block B). 

The point numbered 3 will be used to illusfti^te how to find the 
true length of ah element such as the oblique line A-3, 

(2) Set/dividers on the end points of the oblique line, A and 3, 
in the top vi^w of block B and then with A* as a center, swing or rotate 
the line A3 /Until it is parallel to the reference line RL in position AD. 
The line Ap will project to the front view in its true length A3', 

The s2feie result is obtained in the diagram to the right of the 
/'front view as follows: 
/' Extend the baseline of the front view a convenient length 
to C, and drop a perpendicular from vertex A to the baseline at 
B. With dividers transfer the distance A3 from the top view 
^/ to the baseline of the diagram, measuring from B to locate the 
^ / point 3'. Then the distance A3' in the diagram is the true, length 
.of -ihe element A3. 



\ 
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' Block C shows how this diagram is used to find the true lengths of the 
\ oblique elements of the cone as numbered in the top view. The develop- 

ment consists of constructing a series of adjaceht triangles with the true 
lengths of the elements being taken from the true length diagram, and 
distances between points 1-2, 2-3, 3-4, and so on; being taken from th/ 
. base circle in the top view, the points 1', 2', 3', and so on, are joinea 
by using a French curve. Only half of the development is shown Tin 
block .C. , / 

Carefully observe that the true lejigth of a line can be found 
by rotating it into a position parallel to a projection plan^, and 
then projecting its true length on that plane. / 



\ 4. PRACTICE 4A^0RK 

• , Here is another opportunity for^you*td check your progress. Work 

tUb following exercises; then compare your answers with the solutions 
# at the back of the booklet. Restudy the attached memorandum where 

( necessary. DO NQT send in your answers to these exercises. 



^ ^ First requirement. Exerqises 1 and 2 are designed to give you prac- 

' tice ih locating the intersections of two geometric sulfaces ^uid projecting^ 
them in rolled-out-flat forms. 

1- Plate K shows a partially completed dfawing of the development 
and intersection of a regular hexagonal right pyramid with ver- 
' * tex P and a regular ri^ht triangle prism ABC. " Complete the 

top And front views showing the intersection in both views, and 
\ thek draw the development of the pyramid only. ^ " 

« . ' Use 6H pencil with sharp cojie point for construction lines 

and a 2H pencil to redraw (darken i outlines of completed 
drawings. You should number all points to chec'li your com- 
pleted drawing for correctness of intersection and develop- 
ment. DO NOT submit this practice sheet. 

2. Plate L is .a partially^CSfHpleted drawing of the development 
of truncated right circular cylinder with centerline at 0. <You ' 
^ ' ^ are required ttTdraw an auxiliary view to show the true shape 

of the upper base, and then draw a development of the cylindri- 
cal surface and tlie bottom base. 

Use 6H and 2H pencils, as in exercise 1. Draw "cylindrical 
surface development with cut line at element numbered 3, 
' ' and draw bottom base as tangent to stretchout line at point 

\ • ' . numbered 9. DO NOT redraw upper base attached to the 

development of the cylindrical surface. DO NOT submit this 
practice sheet. 

Second requirement The following eight exercises are true or false. 
^ If you believe a statement is true check '*T", if false or only partly 

true check ^ 

_ 3. A plane is a surface in which any two points can be 

joined by a line which lies wholly within the^surface. T P 
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4. It is necessary to find the intersection of two objects 
before drawing the development of their ^rfaces. T F 

5. Developments are usually drawn with the outside of the, 
unfolded surface showing face up. T F 

6. A moving straight line which generates a ruled surface 

. ' is called a generatrix. » ^ «F 

7. Three orthographic views are required to plot the inter- 
section of two plane surfaces. T F 

8. The length of the stretchout line for the development 
of a right circular cylinder is equal to the diameter of the 

base. '^^^ 

9. It is sometimes possible to, obtain the true lengths of 
lines required for a development without drawing an , 
auxiliary view. w ^ T F 

lO: It is NO^i^ possible tp find the intersection of two curved 

surfaces by two orthographic views. ' ^ * ^ F 

First requirement. Exercises 1 and 2 are designed to enable you 
to demonstrate your ability tq draw elefnentary intersections and de- 
^velopments. Follow the instructions carefully. Xour work will be 
graded on neatness, completeness, and accuracy. 



Plate' M shows two partially completed orthographic views of the mter- 
section of a right circular cylinder jvith its centerline dt Q and a right 
' circular cone witli'its vertex at P. No dimensions are giverf or required. 
The requirement is to draw the line of intersection in t^he top view, and 
complete the development of the conical surface and show the line of 
intersection tnereon. 

Us^ 6H pencil for construction" lines and a 2H pencil to retrace 
outlines when completed. DO NOT erase construction lines. 
. Suggestion: Pass horizontal cutting planes through both the 
• . cylinder and the cone. The elements of the cylinder are part^ially 
numbered with Arabic numerals, and the elements of the cone ■ 
are partially \numbered with Roman numerals. 

PJate N shows two partially completed orthographic views of a right 
circulaf cone with apex at P which is cut or truncated by a plane sur- 
face A-A' No dimensions are given or required. "The requirement is 
to construct an auxiliary view showing the true size and shape of the 
upper (truncated) base ot the cone, to complete the top view, and using 
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the element y.9 as the .cut Ime, draw the development of the side surface 
or the f**^^'^ 



cone 



Use 6H jjencil for construction lines and DO n6t erase 'con- 
struction lines. Use 2H pencil ♦•o re-trace outlines when com- 
pleted. Suggestion: Pass vertical cutting planes through the 
K vertical axis of the cone. 

Second requirement. Multiple-choice exercises 3 through 12 are 
designed to test your understanding of intersections and developme.nts 
from the experie/Tce gained in completing plates M and N, This should 
prove^ be an excellent check of your plates M and N, 



3. 



The development of an object is a drawing which shows the: 

a, subdivision of an area of real estate into lots 
line of intersection with another object 

c unfolded or rolled out flat surface in its true size and sha^e 
d, preliminary steps for construction of the object 

4. 

An intersection as used in engineering drawing Is understood to be: 
a line connecting all points common* to two intersecting surfaces 

b. the area between the* four comers of two intersectiijg streets 

c, the straight line which generates a curved surface 

d. a curved line ^yhich connects all points in a surface* 



To draw the intersection of two geometric figures it is necessary 
to draw: 

a* the two objects on isometric axes first ' ' 

b. three related orthographic projections 

c one isometric and one related orthographic view 

d. two related orthographic views 

6, 

*In drawing the development of a surface it is the recognized prac- 
tice to draw: 

a, any two related isometric views first ^ 

b, the .development showing the inside of the surface face up 

c. all outlines as though they were cutting edges 

d. the flat surface with the outside face up 
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Before proceeding to draw the development of a surface tile drafts- 
man should decide: * v 

a. which edges will be folded lines and which will be cut lines 

b. whether^ to use the isometric or perspective projection 
ii the m^^al to be used for building the developinent 

d. how irSiy copies of the development will be required 
J[ 

Alight cylinder, which is.cift^by a plane not parallel to its base 
is called a: 

a* frustum of a cylinder 
* b. bias cut cylinder 

tnmcated cylinder 
d. irregular frustum of 'a cylinder 

9. 

The intersection in the top view of plate N is: ^ 
^ a true elUpse of actual size 

b. a true eUipse foreshortened in size 

c. a trun<^ated ellipse of true shape 

d. an irregular ellipse of true size 

I 

The curve of the intersection in the development of Plate M is: 
a* a flattened circle not in its true size . » 
b- a. stretched out ellipse in jits true size ; 
c an elhpse in its true size \\ 
d. an irregular closed curve i — ^ 

11- 

On plate M the lines drawn irom P to the baseline of the cone in the 
front view "axe called: 

a. fold lines c- elements .< 

b. roll out lines d. stretchout lines _ " 

I 

When constructing the development of an object which has many 
oblique lines it is sometimes helpful to draw: 
a. two related isometric views 
b- A true length diagram instead of auxiliary views 
c the perspective projection to full scale 

six orthographic projections showing all six sides 
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LESSON 6 

MACHINE DRAWING 

CREDIT HOURS 3 ^ 

TEXT ASSIGNMENT Attached memorandum, 

AAATERIALS REQUIRED Drafting kit and plates O, P, Q. 

LESSON OBJECTIVE To teach you how to draw elementary 

^ mechanisms used in the design of ma- 

chines^ ^ ^ 

SUGGESTIONS Refer to the suggestions made for lesson 1. 



AHACHED MEMQRANDUM 

1. INTRODUCTION 

A machine is an assembly of fixed and moving parts, so related ind 
connected, that it can be used for the j^jonversion of available energy 
into useful work. A mechanism is a subassembly of a machine which 
is designed to transmit an existing force and motion from one part into 
the force and motion desired in another part. In simple cases a single 
mechanism may comprise a machine. Some of the most ^common mech? 
anisms are: 

a« A driver is a mechanism which transmits its available force 
and motion to another mechanism called the follower* ^ 

The follower of one mechanism may be the driver of another. 

c ^l^en a driver and a follower are in direct contact it is called 
a diJect drive mechanism. If the driver and follower are not in direct 
contact, the intermediate part is called a link or a band. ' 

d. A link is a figid part capable of transmitting tension or com- 
pression forces such as a connecting rod. ^ 

e. A band is a flexible part which can transmit tension forces only 
such as a belt or chain. ^ 

The purpose of this lesson is to .present '■ome of the basic 
'mechanisms which are commonly used in elementary machine 
design. The draftsman must have a basic understanding of 
these mechanisms in order to make drawings of machine parts. 
^ - The designer must know the mathematical relationshtps involved 
in the motion of the various parts, whereas the drayman is 
more concerned with the instantaneous magnitude and direction 
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of forces, theii; points of fipplication, ot^. the Ifinits of travel 
^' -qf^ftovirig* part, • . * ' • ^ 

. ' ' * ^ . / r ^ 

2. UNKAGES . ^ - . * • I ' / 

A linkage ia a system';of links bars joined together at pivot; points 
which are fixed or constrainedp^o move in a ^resqribed ^fAh, Only a 
few of the most ete^entary and ino^t common linkages will be presented 
in this lesson. • » / • . . \ - ^ . . • 
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Figure 6-1. Leveri, 



1 



a rigid piece free 
sho\^two types 



" a.- .lever. A lever -.consisting of a siggle link is 
to turn-about one fixed point or fulcrum. Figure 6-1^ ^ 
of 'levers witH the fixed point lettered- 0, the^int A representing the. 
point of application of the driving force Fa, and the p<fint B representiag", 
the point of application of the balancing force. of the fojlower Fb-- T^r " 
lever is used to multiply a small force throfugh mechaijical advantage w 
sometimes vice versa. The driving, force times itaj distance from the 
fulcrum f lever arm) is equal to, the balancing force times its lever arm. 
-Jmus^refeinngLtoJgureJ^ X OA = Fb X OB . (Eq 6-1) 




» , , * . ' Figure 6-2^ Rochr arm. 

b "-Rodker arm. A rocker arm may tte considerefl as a bent lev) 
with its two a^m^ making an obtuse angle (greater than 90°). Figure 
6-2 show^ a'Wer-arm with-fixed pivot point.O and arms OA and OB 
meeting in-an-obtuse angle. In this, case it is necessary to use the. effec- 
tive lever arm?' in^uation' 6-1 Effective levfer arm is the perpendicular 
distance fi-om £he fulcrum t6 the lin^ef action of the force actmg (La 
of Lb)'. Thus, referring to figuf e- 6-2, 



U2 




figure 6-5, BeU crank. 

.c BeD crankJ^i A bell crank may be considered as a bent lever 
with its two arms meeting. in an acute angle (le^ than QO""), Figure 
6-3 shows a bell crank with a .fixed pivot point O ahd. arms OA and OB 
meetiijg at an acute angle. In this case it is ag^yi necessary to use 
"effective lever arm" ffld'the equation for the balanced forces is idehtical 
with equation 6-2: FT >< La '= Fb X Lb 
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Figure 6-4* Rotating crank, * 

d. Rotating crank. If a link is subjected to a rotational force 
about a fixed point, the mechanism is called a rotating crank. Figure 

* 6-4 Qhows a link AB wjiich rotates counterclockwise about a fixed point 
A. The velocity of the point B at the instant shown is represented 'by 

^a vector (anJow) Rb. The' length of the vector represents the magnitude 
of the velocity, and the direction of the vector represents the direction 
of motion of the point B at that instant. | 

e. Four-bar linkage* Figure 6-5 is a" schematic diagram of a four- 
bar linkage showing all links in a zero or starting position. If^ the driver 
moves alternately to the left and right through equal angles 1, and 2, 
the point Bo Will., move first to Bt and then to B2. The follower will 
move through angles 3 and 4 in the same periods of time; however care- 
ful construction and me^usujrement will show that angles 3 and 4 are 
unequaL Thus if the driver moves with .uniform angular speed, the fol- 
lower will move with a variable angular speed. Therefore, values of 



6 — 3 



113 • 



♦ Figure 6-5, Four-bar linkage. . 

■ t 

the angular speeds of the driver and follower, and the linear speeds -of 
the moving points B and C for any given arrangement of the linkage, 
apply only for that instant. When the links have moved to any other 
position, the quantities involved will havfe changed to new instantaneous 
values. (See par 3b.) ' • ; 



• Figure €-6. Crank and connecting rod^ 

'\ 

f Crank and connecting rod. Figure 6-6 is a diagram of the values 
of the instantaneous forces for a crank and connecting rod. to thi& 
mechanism the seciprocating straight line motion of a slidmg block B 
is converted into the rotary motion of the crankshaft about a fixed center O. 
The true instantaneous velocities of the points A and B are represented 
by the vectors -Ra and Rb-' 

e B^oltantmOtidnof a.point, A point on the link of a nttcehanism 
may be constrained to move in a definite direction, or it may^move m 
a dfcction which is determined by the action of two or more forces acting 
on that point. Thus Merring to<;figtire 6-7. the instantaneous motion 
of a point O, acted on- by two forces.F. and F,. is represented by a vector 
P„ which is the vector sum of the two components. The resultant force 



Pr is found by constructing a parallelogram with the two components 
Pa and Pb as, sides, and drawing the diagonal to find Pr. 




Figure 6-7. Resultant of two farces. 

3. STRAIGHT-LINE MECHANISMS 

A straight-line mechanism is a lihkage which will produce rectilinear 
motion of a point by constraining it to move in a straight line because 
of th^ relative propoptions of the' links. There are many types of straight- 
line mechanisms, but only the most elementary types will be presented. 




Figure 6-8. Straight line mechanism. 

If 

a. Straight-line motion. The linkage shown in figure 6-8 consists 
' of a link DB pivoted at fixed point D, and pinned at the point B oa-the 
link AC, so that lengths AB:BC = BC:BD. If the poii^t C is attached 
to a sliding block constrained to move along the straight line through DC, 
the point A will trace an approximate straight line AA' as the link DB 
swings about D. If AB = BC = BD the point A will trace an, exact 
straight line. Algebraically then AB/BC = BC/BD or, 

AB X BD = (BC)2 (Eq 6-3) 

Example 1: In figure 6-8 given AB ='3'.6", and DB = 2.5" 
Find the length of BC in inches ^ 
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Solution: ' -AB X* BD = (BO^ = 3.6 X 2.5 = 9 

■ BC =\y5'= 3" Ans. 
Example 2: In the figure 6-8 how far from Q^hould the point 
D of example 1 be located? • » . 
'^Solution: Let the' point C move untU point A coincides with 
0. In this . positioa it can be seen that OD = 
AB - DB. ' Therefore, OD should^ 3.6 2.5 = 
1.1" Ans. 

b Parallel motion. Parallel-motion mechanisms are "not straight- 
line mechanisms, but are closely related mechanisms. Parallel rulers and 
the universal drafting machine are examples. These mechanisms -are 
foiir bar linkages (par' 2e) with each pair of opposite sides equal, thus 
forming a parallelogram. K one side is fixed, the opposite side always 
mov^. parallel to the fixed side. 




FIXER 



Figure 6-9. Pantograph. 

c Pantograph. The pantograph is essentially a four bar linkage 
connected to form a parallelogram with Jtwo extended sides, and so de- 
siened as to make two points move in parallel paths at a predetennined 
distance ratio. It is used to enlarge or reduce the size of drawings. Figure 
6-9 shows one arrangement of the links of a pantograph. The general 
requirements for the setting of the pantograph links are: 

(1) The four bars mttst b,e connected to form a parallelogram 
(ABFC) with two sides extended (ABP and ACT? . 

(2) The tracing point T, the follower point F, and a fixed pivot 
P must be on separate links, and lie in a straight hne PFT. 

(8) The ratio of thk distan<j#moved by the tracing point to the 
. distance moved by the follower pointja^equal to the ratio of their re- 
spective distances from the pivot point P. 

# 
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Examplf^ 8: On figure "fe-Q the distance TF equals the distance 
FP. If the follower point moves y<i' downward, 
how does point T move? 

""^ Solution: By reconstructing lihkage as shown by phantom 
lines, the pomt T, has moved downward 1" be- 
^ cause TP = 2 X FP. 




Fxgure Cam« and followers. 

4. CAMS 

^ A cam is a plate, cylinder or solid piece, with a curved outline or 
groove, which rotates about an axis and transmits its rotary motion 
to the reciprocating (up and down) motion of another , piece called the 
follower. The follower may have a pointed, rolling or flat cdntact with 
the cam, as illustrated in figure 6-10. The (up and down) motion of 
the follower may be irregular or regular. Irregular motion conforms 
to no definite law. Regular motion conforms to some physical law, and 
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may be unifonn, harmonic, uniformly accelerated or uniformly retarded 

witJi reference to time. 

Note, In this lesson it is assumed that the cam and camshaft 
are turning at a constant speed in revolutions per minute so 
that equal angles about the center of the cam represent equal 
periods- of time. It is also assumed that the follower is con- 
strained to move in an up and down line of motion only. 

The different kinds of regular motion are best illustrated by plotting 

the up and down motion (or rise and fall) the foUower for each interval 

of time, thus making a motion diagram (fig 6-11). 
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3. UNIFORMLY ACCELERATED AND DECELERATED MOTION 
Figure 6-11. Motion diagrams, 

a. Uniform motion. If the point of a follower moves equal distances 
in equal periods of time, the follower has uniform motion. Refen-ing- 
to diagram 1, figure 6-11, the total rise of the follower, represented by 
AB is divided into three eqi^al parts. The foUpwer must rige tP pomts 
/ 



6—8 



lis 




1, 2, and 3 in the tune it takes the cam to turn in equal intervals of time 
to 30"^, 80- and 90® respectively. The follower may have uniform fall 
as shown on the right side of diagrain 1. 

■» 

b. Harmonic motion* Diagram 2, figure 6*11, is the motion dia- 
gram for harmonic^otion of the follower. The line AB represenlis the 
total rise of the follower. Points on the motion diagram are found by 
dividing a semicircle into 30® ,iect^rs, intersecting the semicircle in points 
Jjiiumbered from 1 to 6. . The mimbered points are projected Jiorizontally 
1^ the ordinates drawn for equal time intervals of rotation of the cam. 
,e solid curve shows the harmonic "rise" for 180® rotation of the cam, 
the dotted curve shows the harmonic ''fail" of* the follower to its 
q^ginal position. A cam with this motion is naetnl for high speed opera- 

c;^ Uniformly accelerated and retarded motion. Diagram 3, figure 
represents uniformly accelerated and uniformly retarded motion, 
le AB represents the total ''rise" of the follower as before. The 
is halved, and the lower half is divided into three parts in the 

Ad d^ ef 

of 1:3:5, This is done graphically so .that — = — = — . The 
^ , ' ^ 13 5 

up^^fejf of the line AB is divided j by using dividers so that 

— = — z= ^5-, The solid curve shows the "rise" of the fodower 
5 3 1 

by uniform acceleration to the midpoint of travel and its continued rise 
by ij^iformly, retarded motion. The dotted curve shows the *'faU" of 
the follower to its midpoint of travel, by uniformly accelerated motion 
and its continued fall by uniformly retarded motion to its original posi- 
tion. Uniformly accelerated motion is the motion of a freely --falling 
body> and it gives the easiest motion to a cam, / 

d|. Construction 1^ a cam. To develop the design for a cam it is 
necessary to know the initial position of the follower with respect to 
the camshaft, the type of contact, the motion required of the follower 
and the direction of rotation of the camshaft. 




^Example: Construct plate cam with a ppinted follower to turn 
counterclockwise. The follower is to move in a vertical 
line above the center of the cam. In the initial position 
; the follower point is 1 inch above the center of the 

cam. The follower is required to have the following 
^ motions. " ' ^ 

0^^-120°, rise 1 inch with-simple harmonic motion 

120''-210'', dwell or rest with no motion 

at 210°, drop inch instantly 

210"^ -360'', fall % inch with uniform motion 

Solution: Refer to figure 6-12 and study* each step. 

(1) Draw baseline of motion diagram and mark off 12 equal spaces 
along baseline^ and number points of 12 equal spaces to represent each 
30** interval of rotation of the cam. 
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MOTION- DIAGRAM 
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30* 




-90- 



Figure S-IB. Construction of a cam. 



(2) Draw semicircle at left end of baseline with diameter eq^fial 
to 1 inch rise and tangent to baseline. Divide semicircle into four equal 
arcs (at 45° intervals) numbered 1, 2, 3, and 4\ The semicircle is divided 
into four equal arcs because there ar^ four 30t intervals from 0""'- 120^ 
Points 1, 2, 3, and 4 are projected horizontally with T-square to locate 
points 1, 2, '3, and 4 on the motion (ijagram.^ Points 4, 5, 6, and 7 are 
all on the line 1 inch above baseline because follow^ rests from 120° - 
210°. The point 8 is Vi infch below point 7 -because the follower drops 
1/4 inch instantly at 210^ From 210°'-' 360° the follower falls % hicl^ 
to starting position with uniform motion, and a straight line is dra^n 
from point 8 to the end of the diagram. 

(3) Draw base circle with radius of 1 inch and mark the initial 
point of the follower at O°^^)osition of the cam. Extend all 30'' lines 
outside base circle. 

(4) Locate points, on cam "by transferring distances of ?ach point 
algove baseline in motion diagram with dividers to same distance outside 
base circle. See distance "a'' for point No. 2 on 60° line. 
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(5) Connect points 0-1-2-3-4 and 8-9-10.11-12^0 with a French 
curve. Points 4-felwQjigK 7 are connected with a curve of/2 inch radius. 

5. GEARS 

To understand the operation and drawing of gears, first consider 
two shafts, connected through the rolling contact of two wheels or cylin- 
drical pulleys of equal or different diameters. If one shaft is turned, 
^ and there is no slippage^at the point of rolling contact of the two wheels* 
\the other shaft will turn in the opposite direction. TJie speeds of the 
two shafts will be inversely proportional to the^TiiiCmeters of the two 
' wheels through^which they are connected. To prevent slippage when 
lai*ge forces are transmitted, it becomes necessary, to cut teeth in each 
^Vheel tiius forming two gears with meshing teeth. * A complete coverage- 
' of gears is beyond the scope of this subcourge. Only a few necessary 
definitions and 'the steps in drawing spur gedr teeth by the approximate 
circular 'iEu;q method are presented fierewith. 



-CIRCULAR TOOTH THICKNESS 



PRESSURE LINE pPITCH POINT j — TOOTH SPt^E 

\ -CIRCULAR PITCH 




ROOT CmCLE 
BASE ORCLE 
PITCH CIRCLE 
ADDENDUM CIRCLE 

DIAMETRAL PITCH* 



CLEARANCE 



Na OF TgETH 



PITCH DIAMETER • 

Figure 6-13. Gear terminology. 



a. Definitions. " Figure 6-13 illustrates some of the terminology used 
in connection with the drawing of gears. 
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^ (1) Ktch circle is the projection of an equivalent cylinder on a 
plane perpendicular to the axife of the gear. The pitch circles of two 
meshing gears are tangent at the pitch point, which is on their line of 
centers. ' , ^ 

(2) Pitch diameter is the diameter of the pitch circle. Gear teeth ' 
are designed to the size of equal subdivisions stepped off on the pitch 

• ^ circle. ^ 

(3) Circular pitch is the linear distance between corresponding 
points on two adjacent teetti measured along the pitch circle. The circular 
pitches of two meshing gears are equal. 

(4) Diametral pitch is the number of teeth on the gear wheel per 
inch of pitch diameter. 

(5) Addendum circle, or outside circle, is the circle which passes 
through the outer extremitiei^ of the teeth. 

(6) Boot circle is the circle which passes through the bottoms 
of the grooves between the teeth. 

\ The addendum circle and the root circle are concentric with 

' the pitch cirqle. 

(7) The addendum distance of a gear is equal to the radius of the 
# addendmn circle minus the radius of the pitch circle. 

(8) The dedendum distance of a gear is equal'to the radius of the 
pitch circle minus the radius of the root circle. 

(9) Qlearance is the difference between the addendum distance of 
one gear and the dedendum distance of another gear in mesh with it. 

(10) The face of a tooth is the portion of the contact surface be- 
'tween the pitch circle and the addendum circle. ^ \ 

(11) The flank of a tooth is the portion of the contact surface be- 
tween the pitch' circle and the root circle. 

(12) The circular thickness of a tooth is its thickness measured 
along the arc of the pitch circle. 

V (13) Tooth space is the space between two teeth measuijed on the 

arc of the pitch circle. 

(14) Backlash is the difference between the tooth thickness of a 
gear and the tooth space of another gear in mesh with it. 

l^ote that the circular thickness of a tooth is equal to the 
tooth space and that circular pitch is equal to the^ sum of 
circular tooth thickness and tooth space. 

b. Gear proportions. In order for two gears/to mesh, the teeth 
of each gear must fit the space between the teeth m the other. The op- 
posing teeth contact each other along a common^ "pressure line'*. The 
^ • pressure angle between the pressure line and the line of centers of the 

two gears, determines the shape of the tooth face. The American Stand- 
ards Association has standardized two pressure angles, 14 and 20''. 
The draftsman uses 15"^ (or 75"^ tangent to base circle) as a close ap- 
' * proximation for the pressure angle. Thfe dimensions necessary to draw 
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an American standard 14V1:° gear are related according to the following 
mathematical equations. . 



Name 


Symbol 






Relationship ^ 


Number of teeth 


N 








ijiametrai pi ecu 


*d 


P, 




N/D X 


Pitch diameter 


D 








Addendxmi 


a 


a 






Dedendum 


b 


b 




1.157/Pd 


Outside diameter 


D, 


Do 




(N + 2)/Pd = D + 2a 


Root diameter 


Db 


Db 




D - 2b = (N - 2.314) /Pd 


Circular pitch 


P 


P 




/P - 

N 


Circular tooth thickness 




t 




^ "in ~ 2pL 




Figure 6-i-4. Drawing a spur gear. 



c. Stepson drawing a spur gear. Figure 6-14 illustrates the steps 
in drawing a spur gear by the approximate circular arc method as follows: 
(1) Draw pitch circle, addendum circle and root circle. 
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(2) Mark pitch point, and divide pitch circle into as many divi- 
sions-as-4he-nun:ib^-of-teefeh-and-subdivide-each space in half to-repre— 
sent one ^oth plus one tooth space. * 

(3) Through pitch point draw a line at 75°.:to the radius of the 
pitch circle extended. This line represents the pressure line or line of 
action of force transmitted to another gear in mesh. Use 30° angle, plus 
45® angle of triangles to obtain 75° pressure line. 

(4) Draw base circle tangent to pressure line. The radius of the 
base circle is found by sliding one leg of a 90° triangle along the pressure 
line until the other leg meets the center of the gear. The base circle 
contains the centers of arcs of tooth faces. 

(5) Divide pitch radius into four parts and with compass set to 
M pitch radius draw faces of teeth through points laid off on pitch 
circle, keeping centers of arcs on the base circle. 

(6) Retrace pdrtions of addendum circle for top of each tooth. 

(7) Retrace portions of root circle'' for bottom of groove between 

teeth. 

6. PRACTICE WORK 

This self -test is^designed to point up your understanding of the es- 
sentials of machine drawing.' Check your answers with the solutions at 
the back Of the booklet. Restudy the attached memorandum where neces- 
sary. DO NOT send in yoxu: answers to these exercises. ^ 

Birst requirement Exercises 1 through 4 are designed to give you 
practice in. constructing a cam and a gear. 

1. The point O on practice plate O marks the center of a plate 
cam, and points F-F mark the lowest and highest points of 
movement for a pointed follower. Draw the motion diagram \ 
for the follower, given the following data: 

0*^ - 90°^ rise one inch with uniform motion ^ 
90'° - 180° dwell or rest 
180° - 270° fall one inch with uniform motion 
270° - 360° dwell or rest 

2* On practice plate 0» construct a plate cam to turn counter- 
clockwise about the center 0 for the follower described in 
exercise L 

3. The point G on practice plate O marks the center of a gear with 
its pitch ppint at P. Considering the gear is to be designed 
for 40 teeth on a pitch diameter of 10 inches, make the follow- 
ing calculations: 

Diametral pitch Pa 

.Outside diameter Do 

Addendum a 

Dedendum 6 

Root diameter Du 

Circular pitch p 

Tooth thickness t 
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4, Next, on practice plate O, draw the pressure line for gear de- 
scribed in exercise 3 at 75"^ to the horizontal, find radius .of hzse 
cirde-^y^aphiea^6t^odr^d-fiad-gadius^£-too t h fa ce . A ft . e r_ 



making calculations draw four teeth, one of which should have' 
its upper face pass through the pitch point "P". DO NOT sub- 
mit this practice sheet. 

Second requirement The following six exercises ^re true or false. 
Check "T" if you believe a statement is true, otherwise check "F"/ 

5, A mechanism may be both a driver and a follower at 

the same tim6. T F 



6. A link of a chain in a chain drive mechanism transmits 

V 



T F 



compression force only, 

7, A bell crank and a rocker arm are liriks. . T F 

8, A pantograph is a five bar linkage for drawing graphs. T F 

9, All regular motion is a form of uniform motion. T F 

, 10, When a large gear operates in mesh with a small gear 

their circular pitches are equal. T F 

EXERCISES ^ 

First requirement. Exercises 1, 2, and 3 are' designed to enable 
you to demonstrate your ability to drdw elementary mechanisms. Fol- 
low the instructions carefully; your completed plates will be evaluated 
on line weights, completeness, neatness, and accuracy. 

1. ^ 

Plate P is partially laid out for the design of a plate cam which 
turns counterclockwise about its center C. The initial position of a 
point follower is shown at F. The follower is to have the following 
motions : 

0® • 90° rise 1:5 inches with uniform motion 
90'' • 180° rest with ho motion 

180° -360° fall 1.5 inches with simple harmonic motion. 
Complete the motion diagrams and plot points for each SO"" rotation 
(except for broken out section 90° -180^) of the cam. Draw curve of 
required cam. 

Use a 6H pencil for all cons^ructicjn lines and a 2H pencil to 
retrace object outlines for^ clarity. 

2, 

The left side of plate Q shows a 7 bar linkage in its initial position. 
The links AB, BC, CD and DA form a rhombus (a parallelogram of 
equal sides). Links OP and PC are equal, points 0 and P are fixed, and 
all links are free to turn on pinned joints. Draw the complete linkage 
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in phaqatom thj^ when point B is moved to point Bi and when point D* 
Iff fnovAd to D^. * ' 7 



^Use 6H pencil for all construction lines and 4H pencil to draw 
phantom lines showing new position of linkage. 

3. . ^ 

The right side of piate Q shows a four bar linkage in its initial 
position. Links' AB, BC, CD 'and DA are equal; link CB extended is ^ 
^ed at point P; abd link CD extended carries a tracer point at T. The, 
point F on the link AB is a,follow,er point. Draw the complete linlTage % 
in phantom lines when the tracer point is moved to Ti a distance of 
ly^"' and at an augle of 45° to the right of vertical. 

Use 6H and 2H' pencils in the same manner as for exercise 1, 

Second requirement. Solve multiple-choice exercises 4 through 13 
to show your understanding of the function of mechanisms, and in 
particular the methods applied in drawing linkages, folloy/ers, cams, 
and gears. 

^The distinction between a mechanism anii a machine is that: 

a. a machine is a subassembly of a mechanism 

b. a machine consists of two or more mechanisms 

c ^ all mechanisms are driven by machines ^ ^ 

d. mechanisms are subassemblies of maclynes ^ o 

When a driver and 'its follower are not directly in contact the inter- 
mediate piece is Xjalled a: ^ 

a. , link if it is a chain drive for compression forces 

b. chahi if it transmits flexible forces 

c link or a 'ban<J depending upon ty^e of force transmitted 
d. band if it is a rigid connection 

- 6. 

A linkage as applied to machine drawing is defined. as a: 

a, system of rigid bars joined at fixed or movable pivot points 

b. series of small links connected to form a continuous cfiain 
c* connection which converts a driver into a follower 

d. combination of flexible connections for fixed bars 
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After drawing the two phantom positions of the 7 bar mechanism 
of Plate Q, it is found that the: 

a. point P must \^ moved to permit >nioyement of B to Bi 
h\ points A, A, and Ao lie on a straight line 

c. point O must be moved to allow D to move to D2 

d. points C, Ci and Co He on a line parallel to the line B, Bi and B. 

8. 

• After drawing the phantom position of the 4 bar linkage of Plate Q, 
the follower point P has: 

a. moved % as far as T, in^the same direction 

b. moved* the same distance as T in the same direction 

c. moved % as far as T in the opposite direction 

d. remained fixed to allow point A to move to Ai 

Referring to the completed plate P, the plate cam between the 90" 
and 180° position is: • , . 

a. elliptical in shape due to follower jumping 90° 

b. a straight line because follower is stationary 

c. an exact quadrant of a circle to keep follower at rest 

d. cut away because motion diagram has a skip in it 

f 10. , ' 

Referring to" the motion diagrams of Plate F the diagram curve for 
the uniform motion is drawn by a: 

a. T-square to make follower same height as the curve 

b. French curve to toake smooth curve through all points 
c compass because radius of circle is uniform 

d. straight edge because it is a straight line 

11. 

A mechanism which causes the rectilinear motion of its follower 
point is called a: 

rectilinear mechanism c parallel motion mechanism 

^straight line mechanism d. driver mechanism 
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s, ' 12. 

' Tojtransmit motion -^o a follower for high speed^peration the cam 
is. designed so that the follower will have: 

a. imiform rise and fall ^ 

b. uniformly accelerated motion # 
'c harmonic motion of rise and fall 

d. uniformly accelerated and retarded motion 

^18. * " 

When making a mafchine drawing of a gear, the circle which is the 
projection of the equivalent cylinder is called the: 

a. *cu:cular pitch c. base circle 

b. pitch curcle ' d, root cu:cle 
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LESSON 7 ^ 

ARCHltSfTURAL AND STRUCTURAL DRAWING ./^ 
CREDIT HOURS 3 

TEXT ASSIGNMENT Attached rDemorandum, 

MATERIALS REQUIRED .Drafting kit and plates R, S. 

LESSON OBJECTIVE To teach you how to draw elementary ar- 
chitectural and structural drawings. 

SUGGESTIONS Refer to the suggestions made for lesson 1. 



AHACHED MEMORANDUM 



1. INTRODUCTION 

a. Architecture versus engineering* The design of any structure 
represents close cooperation between architects and engineers. One of 
the principal factors influencing the design of a structure is its function, 
that is, the use for which it is intended. 

(1) In the case, of a building, factors such as overall size, external 
appearance, arrangement of internal space, and number, size, and kind 
of doors, windows and fittings are the responsibility of the architect. 

(2) The engineer prepares design sketches of the structure based 
upon calculations concerned with the strength of the supporting mem- 
bers, 'in addition, the mechanical systems of a building, such as plum'B- 
ing, lighting, heating, ventilating and air conditioning, are designed by 
engineers rather than architects. 

(3) The architect and engineer together determine the construc- 
tion materials to be used and methods of work. 

Construction drawings- Architectural design sketches are used 
to prepare architectural working drawings, Engineering design sketches 
jare used to prepare engineering drawings. The two are combined to 
constitute a set of construction drawings. Design is not the draftsman's 
responsibility. He must, however, understand the construction pro- 
cedures and their representation well endugh to translate design sketches 
into working drawings. 

^ (1) The views of a structure are presented in general and detail 
drawings. Detail practices were described in lesson 4. Architectural 
and structural working drawings, commonly called general drawings, 
are the asserfjoly working drawings showing plan views and elevation 
views of the structure. ^ 
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* (2) Plumbing, heating and ventilating, and electrical drawings for 
sm^ systems normally are shown on one drawing, it being assumed that 
eacn trade can identify its installations from the combined plans; or 
they are sometimes shown .on the general plan drawings. For large or 
complicated installations, separate drawings are made for each utility. 

(3) Objects are drawn to scale to show proportions. Distances 
are never scaled from drawings. All size information must be shown 
by figured dimensions. Selection of scale is determined by the size of 
the structure as related to the size of the drawing sheet. A .general 
drawing of a large biUding, for example, may be prepared at a scale 
of 1/16" = I'-O" or 1/^= r-0"; the scale most commonly used is 1/4" = 

r-r. 

Note* /To aid in a better understanding of this lesson, all il- 
lustrations pertain to the development of working drawings 
for a theater of operations 50" x 92' recreation building. The 
general drawings, as illustrated, together with accompanying 
details (lesson 4) would constitute a set of working drawings 
for such a building. In studying these drawings notice the 
manner in which reference is made to all details. ' 

2. PLANS 



A plan corresponds to a top view, namely, a projection on a hori- 
zontal plane. There are several types of plan views which are used 
for specific purposes, such as site plans, foundation plans, and floor plans. 

a. Site plan. A site plan shows the building site with boundaries, 
contours, existing roads, utilities, and other physical details such as tre^s 
and buildmgs. Figure 7-1 is a typical site plan. Site plans are drawn 
from notes and sketches based upon a survey. The layout of the structure 
is superimpo*)3ed on the contour drawing, and corners of the structure 
are located by reference to established natural objects or other' buildings. • 

b. Foundation plan. A foundation plan is a top view of the foot- 
ings or foundation jyvalls, showing their area, and location by distances 
between centerlines and distances from reference lines or boundary lines. 
Foundation walls are located by dimensions to their comers, and all . 
openings in foundation walls are shown. Figure 7-2 shows the typical 
foundation plans for alternate conditions. 



c. Floor plan. Floor plans, commonly referred to as plan views, 
are cross section views of a building. The Horizontal cutting plane is 
passed so that it includes all doors and window openings. A floor plan 
shows the outside shape of the building; the arrangement, size and shape 
of rooms; the type ot materials; the thickness of walls and partitions; 



A plim also may include details of framework and structure, although 
these features are usually shown on separate drawings called framing 
plans. 

d. Procedure for* drawing plans. Plan views are drawn* first be- 
cause other views depend upon the plan views for details and dimen- 
sions. In preparing plan views, a draftsman's job is simplified by follow- 
ing a systematic procedure. 





windows for each stpry. 
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(1) Orientation. Plan views may be drawn so that the front 
of the building is at the bottom or right of the sheet. However, when 
this is not practical, they may be drawn in any arrangement which space 
permits. Select a suitable scale and lay out the line representing the 
exterior face of the front wall. Di-aw the line lightly and allow enough 
space for notes and dimensions at the bottom or right of the working 
area. Then, for a symmetrical plan such as figure 7-3, draw the main 
axis. The main axis corresponds to the centerline of a view and is helpful 
in centering a plan view. 

(2) Walls and openings. Proceed from the line Representing the 
exterior face of the f rcftit wall. Di^w all walls and partitions to scale 
with light pencil lines.( Block out. all door and window openings. After 
all walls, partitions, and opening have been located darken wall and 

partition lines to a medium line weight. ' 

♦ 

(S) Symbols* After completing wall and partition lines, draw 
symbols for doors, windows, fixtures, and x)ther details shown in the plan 
view (fig 4-17 thrT)ugh 4-20). ' 

Door and window openings are laid out accurately to scale. Dodfr 
and casement, window swings* are also drawn to scale; the re- 
maining lines in door and window symbols are spaced by eye. 

(4) Number of views. In most cases, separate drawings are made 
for each plan view and they will be the only views . on the drawing sheet, 
but, on occasion, may be accompanied by detail or section views. The 
number of views to^be included on a single drawing sheet should be de- 
termined by discussion with the men in charge while the drawing is still 
in the preliminary stage. 

(5) Dimensioning, Plan views are dimensioned both outside and 
inside the building lines. Outside dimensions describe changes and open- 
ings in the exterior walls in addition to the overall dimensions. Inside 
measurements locate partitions relative to exterior walls and to each 
other. All horizontal dimensions are shown on a plan view. 



3. elevations' 

ElS^ations are external views of a structure and m£vy be drawn to ^ 
show the front, rear,. right or left* side views. They correspond to the 
front, rear or side views in orthographic projection because they are , 
projections on vertical planes. An elevation is a picture-like view of a 
building that showS' exterior materials and the height of windows, doors 
and rooms as in figure 7-4. They also may show the ground level sur- 
rounding the ' structure called the* grade. The following procedure is 
used for developing an elevation: 

^ a. Projection.' Complete a related plan view and a typical sec- * 
tion before beginning to draw an elevation; These are^equivalent to top 
and side views in machine drawing.^ The plan and section should be 
drawn to the sa^ie scale decided for the elevation. The sectiqn may be 
placed to one^side on the drawing sheet for>the elevation. The section 
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should show the foundation, gradeline, finished floor heights, heights of 
sills and teads for windows and doors, and the pitch of the roof. 

(1) Vertical dimensions. Project the gradeline across from the 
typical section first. Next project the floor and ceiling heights. Use light 
pencil lii>es. 

(2) Horizontal dimensions. Fasten the plan view above the draw- 
ing sheet, arranged so that the wall corresponding to the one drawn 
in elevation is placed nearest to the elevation drawing sheet and parallel 
to the floor lines. Project lines down from the plan view. 

(3) Procedure. Work back and forth between the plan and sec- 
tion until exterior details for thot^vation in question have been located. 

b. Lines and symbols. Darken the building outlines and the out- 
lines of doors and windows, and add line and material symbols. 

(1) Line symbols. Finished floor lines are indicated in an eleva- 
tion by alternate long and short dashes (same as center line symbol, 
see fig 7-4) drawn over the other lines. Foundations below grade are 
shown by the line symbol for hidden details. 

(2) Roof drains. When used, rain gutters and downspouts are 
shown in an elevation view. 

c Not^s^^dim^uSions* Draw guidelines and letter the specific 
notes identifying^'Wilding .materials. If more than one view is shown 
on a drawing sheet, identify each view by title. If any view is drawn 
to a scale different from that shown in the title block, note the scale 
beneath the view title. No horizontal dim^siops are given in an eleva- 
tion. \ 

(1) Elevations. Finished floor and gtede- elevations are written 
as a note, accompanied by a dimension, written on the line symbol de- 
noting the finished floor; the line symbol is ex!ended^mt45ide the build- 
ing area for this purpose. Grade elevations may be given atXwo points 
for a sloping gradeline. . 

(2) Pane dimensions. , If not included in the window schedule, 
window pane sizes may be given as fractions in the comers of the win- 
dows shown in the elevation/ 10/12 written in a comer pane of a multi- 
paned window means that all the panes in that window are 10^ x 12 
inches in size. ^^^^ 

d. Number of elevations. The number of elevations drawn for any 
building is principally determined by the complexity of its shape. A 
building that is symmetrical about a centerline in the plan view may 
show adjacent half elevations of the front and rear. Roof, floor, and 
foundation lines are continuous; a vertical centerline symbol separates 
the two halves, which are identified hy titles centered under each one. 




4. FRAMING PLANS 

r 

Framing plans showthe size, number, and location of the structural 
members (steel or wood) constituting the building framework. Separate 
framing plans may be dmwn for the floors, walls, and the roof. The 
floor framing plan must ^ecify the sizes and spacing of joistg, girders, 
and columns used to support tiie floor. Detail drawings must be added, 
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FLOOR FRAMING PLAN 





Fxgure 7-5. Floor framing. 
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if necessary, to show the methods of anchoring joists and girders to the 
columns and foundation walls or footings. Wall framing plans show 
,the location and method of framing openings and ceiling heights so that 
studs and posts can be cut. Roof, framing plans show the construction 
of the rafters used to Tpan the building and support the roof.'^ize, 
spacing, roof slope, ajid all details are shown. 

a. Floor framing. Framing plans for floors are basically plan views 
of the girders and joists. The unbroken double-line symbol is used to 
indicate joists, which are drawn in the positions they will oc«upy in the 
completed building. Double framing around openings and beneath bath- 
room fixtures is shown where used. Figure 7-5 shows the manner of 
presenting^ floor framing plans. 

(1) Bridging is shown by a double-line symbol with a broken line 
in the center drawn parallel to the outside lines. 

(2) Notes identify floor openings, bridging, and girts or plates. 
Use nominal sizes in specifying lumber, 

(3) Dimensions need not be given between joists. Such informa- 
tion is given along with notes. For example, 1" x 6" joists Qi 2'-0" o.c, 
indicates that the joists are to be spaced at intervals of 2'-0" from cen- 
ter to center of joists. Lengths are not required in framing plans; the 
overall building dimensidns and the dimensions for each bay or distances 
between columns or posts provide such data, 

b. Wall framing. Wall framing plans are detail drawings showing 
the location of studs, plates, sills, girts and bracing. (See fig 4-15.) They 
show one wall at a time and usually are shown, as elevation views. 

(1) Door and window framing is shown in wall framing details; 
openings are indicated by intersecting, single-line diagonals and are iden- 
tified by the abbreviations D and W. 

(2) Bracing is indicated by a dashed, double-line symbol and is 
drawn to scale in its correct location. 

(3) Dimensions. Vertical dimensions give overall height from the 
bottom of the sill (for first floor) to the top of the plate or girt. Hori- 
zontal dimensions give the spacing of studs on centers. 

(4) Notes. Specific notes identify types of doors and windows or 
make reference to general notes. General notes give instructions about 

such factors as variations in door and window framing, and the installa- \ 
tion of bracing. 

c. 'Roof framing. Framing plans for roofs are drawn in the same 
manner as floor framing plans. A draftsman should visualize himself 
as looking down on the roof before any of the roofing materials (sheath- 
ing) has been added. Rafters are shown in the same manner as jofets, 
(See fig 4-16.) 

5. UTILITIES 

Plumbing, heating, and electrical systems are the utilities or mechani- 
cal systems of a building and are represented by diagrammatic and ortho- 
graphic drawings. As,previously stated, they may be shown on the general 
plan drawings, be combined on one drawing, or in the case of large ijastalla-' 
tions separate drawings are made for each utility. A draftsmarLis not 
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PIPING 



ELBOW, 90* 




TEE 



TEE, SINGLE SWEEPS 



LATERAL OR Y 



f 

± 



ANGLE VALVE 



r 

GATE VALV 



I 1 1^ GLOBE VALVE "tCXI— 



r 



P TRAP 



RUNNING TRAP 



UNION, SCREWED 



— CHECK VALVE — — 



PLUMBING 



SHOWER, STALL "F^ "j^ URINAL, 

L J L J TROUGH TYPE 



TU 



LAVATORY, WALL 



Q I FOUNTAIN, DRINKING 



WL 



\ LAVATORY, CORNER \0 

Figute 7-6. Plumbing and piping symbols. 



PEDESTAL TYPE 



HEATER, WATER 
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DF 

o 

WH 
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required to design these systems but he must be thoroughly familiar with 
the conventions and symbols used, in addition to, the general rules, in 
order to prepare acceptable drawings from a designer's sketches. 



SPACE HEATER 



II!] 



RADIATOR, WALL I I I 



7 



HEATER ,pONVECTOR 



VENTILATOR UNIT 



HEATER UNIT, 
PROPELLER TYPE 



HEATER, DUCT TYPE — [h] 

Figure 7-7* Heating symbols, ^ 



^ a, ' Symbols, Figures 7-6, 7-7, and 7-8 present the symbols and line 
conventions most commonly usett in preparing utilities plans. Additional 
symbols for plumbing and heating plans can be found in MIL-STD-17; 
more symbols for electrical systems in buildings and building distribution 
systems can be found in MIL-STD-15. The symbols are illustrated as used 
on drawings of scale Vs' = I'-O". When drawings are made smaller than 
this scale, the symbols may be simplified as long as the basic idea is re- 
tained. When drawings are made larger than this scale, the symbols 
should be presented in greater detail. 

b* Drawings. The primary purpose of utility plans is to show the 
location of piping, cheating ducts, wiring and fixtures relative to wall and 
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LIGHTING PANEL 
OUTLET, WALL 



-o 

SINGLE POLE SWITCH ^ 



THREE WAY SWITCH 



CONVENIENCE, 
PUPLEX 

OUTLET, CEILING 
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DOUBLE POLE SWITCH 
I ^2 



FOUR WAY SWITCH 
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partition lines. The complexity of the architectural (general) plan and 
the installation of utilities determine whether a separate drawing is re- 
quired; if required, separate plans are prepared by the overlay system. 
An overlay is begim by fastening a sheet of -tracing paper over the gen- 
eral floor plan for which the plumbing, beating or wiring is to be shown; 
exterior w^lls and partitions are traced/ To prevent confusion, the draw- 
ing is kept as simple as possible. Wall thicknesses are shown but no ma- 
terial symbols are used. Door and window openings are shown but door 
swings are omitted. The following general rules, except as otherwise noted 
apply in preparing plumbing, heating, and wirin^plans whether drawn 
separately, combined on on^ drawing or shown on general plans. The 
plumbmg, heating, and wiring plans for the TO building used to illustrate 
this lesson, are shown on the general plan (fig 7-3). 

.(1) Fixtures. Fixtures are presented symbolically and are drawn 
in their relative locations. They are the first items to be drawn in the 



PIPING 



Drainage 
Hot Water 
Cold Water 
Intersections 
Crossovers 



ELECTRICAL 



Branch Circuit, 
concealed In 
ceiling or wall 

Branch Circuit, 
concealed* in 
floor 

Branch. Circuit, 
exposed 

Connecting . 



Crossovers 



Figure 7-9. Line symbols. 
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RETURN FROM H.W, GEN.^ 
a BOILER HOUSE DRIP^ 



CHECK VALVE 

RETURN FROM LAUNDRY 8L00, 
AUTOMATIC WATER VALVE, 



RETURN FROM F.W. HEATER 



VENT a OVERFLOW 
IN BOILER ROOM 





COLO WATER UNE 



0 - DRAIN VALVE 

UNE TO BOILER 
I FEED PUMP """"^^ 

.;^E a CHECK VALVES 



FLOAT CHAMBER ® 



UNE TO INJECTORS 
WHEN CALLED FOR * 
ON BOILER HOUSE 
PLAN . 

boiler room floor 

note: symbol 0 indicates 
accessories furnished 
with the equipment , 




Figure 7-10. Single-line piping, .elevation and isometric. 
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layout after waU and partition lines have been traced. No dimensions are 
given. 

Note that many symbols are drawn touching the wall line. Comer 
bath, wall lavatory, low-tank water closet, and electrical will out- 
let symbols are examples. 

Many symbols must be accompanied by identifying initials when 
drawn in utility plans. All lettered symbols shown in jSgures 7-6, 
7-7, and 7-8 must be identified in the same way in utility draw- 
ings. 

(2) Line symbols. Pfpe for plumbing or heating systems (except 
warm-air ducts) and wuing diagrams are shown by a single-line symbol. 
The pipe or wire symbol is drawn between fixtures to give mechanics an 
idea of the approximate location. The exact length is determined on the 
job. All runs are identified by nominal size. Figure 7-9 shows some of 
the conunon pipe and wire Ijne symbols. 

When fitting symbols are not used on diagrammatic pipe layouts 
for plumbing plans, the intersection (joining) of any two piping 
runs is represented by actual contact betAreen lines. Crossovers 
(no connection between piping) is represented by a break in one 
of the lines. 

Ctoimecting wires are indicated by placing a dot at the point of 
intersection. No dot is used where wires cross without connect- 
ing- ' 

(3) Vertical views. Vertical views, such as sections and elevations, 
^e used only to clarify complicated layouts. Finished floor lines and eleva- 
tions should be shown, and the height of runs should be located from fin- 
ished floor lines. 

Isometric drawings are the only perspective views used for utility 
drawings, — Figure- 7-10 ^hows an elevation and isometric view 
for a heating installation. The same drawing principles apply to 
plumbing and wiring practices. 

(4) Notes and dimensions. No actual dimensions or dimension lines 
are shown m utility drawings. Location dimensions and spacing require- 

^ments are given in the form of notes or follow installation principles: for 
example, Hght fixtures are spaced according to a rule stating that the dis- 
tance between fixtures is twice the distance between the wall and the first 
i3xtiu^. 

c Details* Installation details generally are not required for utility 
drawings; the systems and fixtures are installed by mechanics according 
to standard practices for each trade. 

6. PRACTICE WORK 

Work the exercises which follow to determine just how well you under- 
stand the rules and practices for making architectural and structural draw- 
ings. Caieck your answers with the solutions at the back of the booklet. 
Restudy the attached- memorandum where necessary. DO NOT send in 
your answers to these exercises. 
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Rrst requirement. Exercise 1 is designed to give you practice in 
making general drawings. 

1. Plate B shows the floor plan of a small building. 

Notice that all electrical and plumbing fixtures are located on the 
plan. You are required to draw the line-symbols necessary to 
complete the plumbing and wiring plans. DO NOT submit this 
practice sheet. 

Second requirement Multiple-choice exercises 2 through 6 will en- 
» able you to test your understanding of the rules and conventions as applied 

to architectural and structural drawings. 

2* Which of the following is the responsibility of tjhe architect? 
a. ventilation ^ r 

. b. wiring diagram 

c external appearance 

d« construction material ^ 
8. E]ngineering design sketches are used to prepare: 

a. floor plans c. elevations 

b. frammg plans d. window details 

4. In making a set of construction drawings which of the following 
should be drawn first? 

a. front elevation c plan views 

b. utility plans ' d« special details 
^ ^ Gutters and downspouts are shown iil: 

a* roof framing plans c. section views 

b. related plan views ^ d* elevation views 

6. Utility systems and fixtures are installed in accordance with: 

a. installation (igtails 

b. specific dimensions 

c. standard trade practices 
HTTni^ symbols 

Third requirement The following five exercises are true or false. If 
you believe a' statement is true check 'T", if false or only partly true 
check "F". 

7. The construction draftsman translates design sketches 

into working drawings. T F 

8- Plumbing and electrical systems should NOT be shown 
^ on general plan views. T F 

jjj^ 9. The overall building dimensions and spacing of bays 

provide data concerning the lengths of joists in framing 
plans. T F 

10. Types of doors are indicated by general notes. T F 

\±, The drawing of roof framing plans follows the same pro- 

cediu'e as that for floor plans. T F 

« * 
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EXERCISES 



Rrst requirement Exercise 1 will enable you to put into prac- 
tice what you have learned about drawing elevation views. Follow 
the instructions carefully; your plate will be graded on neatness, lay- 
out, correctness of required views, line weights, and accuracy of scale. 



PLAJN TYPE 
CORNICE 

Some tnm oil 
oround building 
S«t fig. 4*34 




SECTION A-A (Plate R) 
SCALE: -^H'-O;' 



Figure 7-iI. For use with exercise 1. 



Figure 7-11 shows a section view of the small building plate R, On 
plate S, draw elevations A and B (as indicated on plate R) to a scale of 

Make your drawing similar to figure 7-4 andi include the same 
notes and titles as applicable. DO NOT show footings. Notice 
that doors* and windows are of the same type as in. figures 7-3 and 
7-4; Construct a graphic scale and place in the lower right-hand 
comer of the plate. 
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Second requirement. \|bJve multiple-choice exercises 2 through 5 
to show your understandingM>f plan views. 



2. 



Which of the •following views in a set of construction drawings is 
called a plan? • ^ 

a. top c. side 

b. ' front A back^ 



3. 

The site plan is included in a set of working drawings to show: 

a. layout of general plans 

b. limitations controlling height 

c. location of structure in relation to ground area 

d. all pertinent zoning regulations ' 

4. 

The main axis of a symmetrical plan is the same as a: 

a. leader line c. centerline 

b. phantom line break line 



^ Which of the following line weights is used in wall and ^ition sym- 
bo Is on plan views? t — 

a. tiin c. thick 

b. medium d-' extra thick 



Third requirement. Multiple-choice exercises 6 through 9 pertain 
to elevation views. 



6. 



In a set of construction drawings, which of the following listings are 
all views called elevatiotis? 

a. top, side, and bottom views c. top, front, and rear views 
bottom, side, and rear views d, rear, side, ^and front views 

« 



7. 



What is the title of a working drawing which shows the location and 
dimensions of windows on the right end of a building? 

a. • right exterior c. right elevation 

b. right auxiliary d. right projection 
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Floor and ceiling heights are projected to an elevation view from the: 

a. typical section c. survey data 

b. * floor plan d, vertical plane 



9. 

Which of the following factors influence the number of elevations to 
be shown for any building? 

a. the use for which it is -intended 

b. its location on the site plan > 

c. relative orthographic projections 
the co^iplexity of its shape 

Fourth requirement. Solve multiple-choice exercises 1 0 through 12 
to show what you hove learned about framing plans. 

io. ^ 

Joists are shown on floor framing plans by: 
a« double-framing symbols c. unbroken double-line symbol 

b. reference to framing^^3ehedules d. approximate location only 

11. 

Which of the following members in a .wood framework construction 
is a vertical member? 

a. sills c. joists 

b. studs d. rafters 

12. 

In floor framing plans, which of the following members are repre- 
sented similar to rafters in roof framing plans? 

a. plates c. sills 

b. girts d. joists ^ r\ 

Fifth requirement. Multiple-choice pxerdses 13 through 16 con- 
cern utilities systems. 

18. , 

In preparing utility plans by an ove^ay of tMe floor plans: 

a. ail details shown on the general plan are traced first 

b. walls and partitions are shown without 'symbols ' , 
c window openings and doors swings are included 

d« the outline of the building is shown by phantom lines 

^ 7 — 19 



i0(j 



/ 



ERIC 



134 



14. 

On a plumbing plan, a single heavy dashed line consisting 1 long 
dash and 2 short dashes indicates: 

a. waste piping c. hot water line 

cold water line d, changes in pipe size 

15. ^ f 

Dots at the intersection of line symbols for wiring diagrams indicate: 

a. circuits are to be connected c. wires cross without connecting. 

location of fixtures d, niunber of wires in a circuit 

I, 

16. 

Heights of nms in vertical views,^if used, are--located: ^ 
a* by specific notes ^ # 

b, in proportion to fixture heights ^ 
c by general notes 

from finished floor lines 
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LESSON 8 

MAP DRAWING 

3 

Attached memorandum. 

Drafting kit and plate T. 

To teach you the elementary methods used 
in map drawing* 

Refer to the suggestions made for lesson 1 . 



AHACHED MEMORANDUM 

1. GENERAL REQUIREMENTS - 

In numerous cases the engineering draf tsmarT ^nust either be capable 
of drawing maps of small areas or of understanding and interpreting them. 
In the previous lessons in engineering drSiwing the three dimensions of an 
object were represented by two or more views or in one isometric draw- 
ing. Iti drawing maps, the heights and depths of the earth's natural fea- 
tures must be indicated by symbols (par 5) used on a single view. Maps 
may be classified according to the type of information, size of scale, or 
their intended use. 

a. Type of information* When classified according to type of infor- 
mation, maps fall into three general types as follows^ 

Beal mf ormation* Maps of this type show highways, lakes, rivers 
or other natural features in their actual location and to a scale which 
indicates their relative sizes. 

Imaginary information. Maps of this type show political subdi- 
vision for example, state, county, township or personal property lines. 

Belief maps. Maps of this type show heights and depths of the 
area by contour lines or curves through points of equal altitude. 

Size of scale. When classified according to scale, maps fall into 
three general categories as follows: ' ^ 

Large scale — ^1:75,000 or larger 
Medium scale— between 1:75,000 and 1:600,000 
Small scale— 1:600,000 or smaller 

c Intended use. ' Maps are used for many purposes, and the follow- 
ing list includes a few of those of particular interest to the engineering 
draftsman. 
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Topographic maps are large scale gedgraphic maps which show 
the relationship of natural features to man built features. The relief is 
generally represented by contour lines. 

Engineering maps are site maps giving the location and construc- 
tion requirements for engineering projects. Such maps show area con- 
tours, objects which must be' removed before construction begins, objects 
which must remain and objects which may present interference problems. 

Military maps show essential information of a military nature 
within the area. 



2. GRAPHIC SCALES 

The scale of a map is the ratio of a measurement between two points 
on the map to the corresponding true measiu'ement between the same two 
points on the ground. This ratio is always written with the map distance 
as 1, thus for all consistent imits of measiu^ement: 



On most military maps ground distance is measured by means of a 
graphic scale. A graphic scale is a bar scale or ruled scale printed on the 
map and fnarked so that true distances may be found by measuring map 
distance with the graphic scale. Most maps have three or more graphic 
scales, in different units of measiu^ement: miles, meters, yards, feet, and 
so on. The portion to the right of zero is marked in full units of measure- 
ment and is called the primary scale. The portion to the left of zero is 
subdivided into tenths of a unit and is called the extension scale. In order 
to construct a graphic scale', two values must be known: (1) the map 
scale and (2) the ground distance which the scale is to represent. 



map scale (MS) =: 



ground distance (GD) 



map distance (MD) 




4,32* 



EXTENSION SCALE 



PRIMARY SCALE 



A 



1000 



500 



0 



lOOO 



2OO0 




Figure 8-L Constructing a graphic scale. 
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Example: Construct a graphic scale to represent 3000 yards actual 
ground distance on a map of scale 1:25,000. 

Solution: MD = 3000 X — — = 0.12 yards 

25000 ^ 

0.12 yds = 0.12 X 36 = 4.32 inches 

The following steps in consti^uction are illustrated in figure 8-1. 

Step 1. Draw a line AB, of length ^.32 inches and make bar 
AB about Vh inch Vide. 

Step 2. Draw line AC at a convenient acute angle from AB. 

Step 3. Using engineer scale, mark off. three equal distances 
' along AC, shown in figure 8-1 as 1, 2, and 3. Mark 
off 10 equal subdivisions from 0 to 1 on line AC. 

Step 4. Draw line from point 3 to point B, and transfer all points 
marked on AC to line AB by construction lines parallel 
to line 3B. 

Step 5. Complete graphic scale by drawing divisions and sub- 
divi^ns of bar AB at points transferred from AC. The 
subdivisions of the extension scale are marked from 0 
to 1000 to the left. The primary scale is marked from 
0 to 2000 tQ the right. The horizontal line through every 
other section of the scale is for clarity in reading- 



3. RELIEF DRAWING 

A complete topographic drawing shows not only the property lines and 
the relative position of geographical features but some indication of eleva- 
tions and depressions of the area. 




a* The most commonly used method of showing relief is the contour 
line method. The contour line method is based upon the principle of a 
series of equally spaced horizontal planes cutting ^hrough the vertical 
features of the earths surface. A line drawn connecting all, the points 
where the horizontal plane actually cuts the vertical feature will result in 
a series of curves called contour lines, 
m 

b. Figure 8-2 shows two hills cut by a series of horizontal planes 
marked by their altitude in feet above the level or base plane as 0, 20, 
40, 60, 80, 100, 120. The intersections of the planes wjth the ^ides of the 
hills are drawn in elevation in the upper half of the figure, and the irreg- 
ular contoiu: lines thus formed are shown in the lower half as they would 
appear on the relief drawing, No^ that 'Contour lines are marked Q\ 20, 
40, 60, 80, 100, and 120 to show the elevation (in feet) of all points on 
the line. The disadvantage of contour lines is that they present such a 
complicated pattern that they often obscure other significant terrain fea- 
tures. 

€• There are several methods of indicating relief features but the con- 
toured map has replaced all other types^ military use. 

r 

4. LOGICAL CONTOURING 

a» Contour characteristics, A careful study of relief .maps reveals 
that the contour lines themselves possess several important characteristics 
as follows: 

\l) Contours are smooth curves. 

(2) Contours never cross ot touch except at overhanging or verti- 
cal cliffs and at waterfalls. 

(3) Contours are approximately V-shaped in narrow valleys, with 
the V pointing upstream; are generally shaped as U's pointing down ridges, 
and are shaped as an M just above stream jimctions. 

(4) Contours tend to parallel streams and to parallel each other. 
This reflects the fact that changes in ground fojjm are usually gradual. 

(5) CiaQtojjrs never fork. 

(6) Every contoiu: closes on itself, either within or outside the 
limits of the map. 

(7) Contours are spaced equally along a uniform slope. It is pos- 
sible to sketch the contours on a map with considerable accuracy, by ap- 
plying these characteristics to the field notes submitted by the surveyor. 
The procedure for sketching contours in this manner is called logical con- 
touring. The surveyor usually furnishes spot elevations at all points where 
there is a change in slope (fig 8-3) and the elevations of intermediate 
points are determined by interpolation. 

Note, The surveyors notes taken in the field are recorded on a 
field sheet called a plane table sheet. ^ 

b. I>rocedure. Logica} contouring should be approached systemat- 
ipally, and for best results may be divided into the following five steps: 
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step L Determine the elevation of all stream junctions. 

Step 2. Locate the points where contours cross the streams^. 

Step 3, Sketch in the ridgelines. 

Step 4, Locate the points where contours cross the ridges. 

Step 5* Draw the contours by connecting points of equal eleva- 
tion. 

* *• « 

c niustration. In the illustrative problem which follows, the pro- 

cedm^ above is used to sketch contours at 20 foot intervals to the map 

shown in figure 8-3. The map contains a drainage patt-em and some spot 

elevations furnished by the survejriJr. 

(1) 'The first step is to determine the elevations of all the stream 
junctions. 

With a pair of dividers, stream junction **A" is determined to 
be of the distance from the known elevation 30 to the known 
elevation 110 (fig 5-3). i Since the total difference in elevation is 
80 feet, 1/4 of that is 20 feet. Stream junction **A" is therefore 
20 feet higher than stream junction 30 and is at an elevation of 
50 feet. ^ 

— Similarly, stream junction "B" is determined to be 5/6 of the 
way from streamt junction 30 to point 102, or at elevation 90 feet. 

These elevations are added to the map, as in figure 8-4. 

(2) The second step is to locate the points where contours cross 
the streams (fig 8-5). 

The lowest elevation on -the sheet is 10 feet and is located in the 
lower right-hand comer where the main stream crosses the edge 
of the sheet. Since contours are being plotted at 20-foot inter- 
vals, the lowest contour on the sheet will be the 20-foot contour. 
^Alon^g the stream the 10- and 30-foot elevations are shown.* Since 
the slope of the stream is assumed to be constant, the 20-foot 
elevation may be located halfway between the 10- and 30-foot 
elevations. This division is made with a pair of dividers by trial 
and error. 

In indicating the points where the contours cross the streams, 
use the characteristic V-shaped mark. (See par a(l), above.) 
The next gfiven spot elevation on the main stream above the 30- 
foot stream junction is the 110-foot elevation. (While it is true 
that the elevation of stream junction 50 has already been com- 
puted, it is best to work from the measurement made in the field.) 
The next 20-foot contour above the 30-foot elevation will be at 
40 feet, a difference of 10 feet. The total difference in elevation 
between the known points is 110 minus 30, or 80 feet. The dis- 
tance from 30 to 40 is therefore 10/80 or of the total. 
By using a pair of dividers, the distance between known eleva- 
tions 30 and 110 is divided xQto eight equal parts, each represent- 
ing 10 feet difference in elevation. The first division above the 
30-foot elevation is 40 and is marked by the characteristic V- 
shaped contour crossing. Two more divisions locate th^ 60-foot 
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Figure 8-3> Logical contouring — plane table 
sheet. 



Figure 8-5.* Logical edntouring — locating 
points where contours cross streams* 
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Figure S-If. Logical contouring — elevation of 
stream j^inctions. 
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Figure 8-6. Logical contouringsketching 
ridgelines betxveeyi streavis. 
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Figure 8-7. Logical contouring — «/cetchinfir 
ridgelines to spot elevations. 



Figure 8-9. Logical contouring — draioing 
contours. 
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Figure 8-8. Logical contouring — locating 
points where contours cross ridges. 



Figure 8-10. Logical contouring — indexing. 
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contour. The 80- and 100-foot elevations are located in a similar 
manner. 

The difference in eleva^tion between 30 and 102 is 72 feet. The 
40-foot contour will be placed 10/72 of the total distance above 
30. Since 10/72 is about 1/7 of the distance, the space is divided 
into V equal parts with the dividers and the 40-foot elevation 
marked. The 60, 80, and 100-foot elevations are marked on every 
second space as for the main stream, above. 

All other intersections of contour lines and streams are similarly 
determined. - ^ 

(3) The third step is to sketch in the ridgelines. 

Streams are always separated by higher ground between them. 
If there were no higher ground to separate the streams, they 
would flow together, forming a swamp or lake (fig 8-6). 

A ridgeline will, therefore, run between two streams and down 
into the stream junctions. 

In plotting ridgelines remember that the surveyor gives spot ele- 
vations where there is a change in slope. The crest of a ridge 
is one place where slope chaagSis, and spot elevations falling be- 
tween streams may therefore be assumed to lie on the crest of 
the ridge. 

Bearing these two facts- in mind, one may sketch the ridges by 
running lines through the spot elevations which fall between 
streains and down*into the strfeam junctions-, curving the line$ 
where necessary to keep them roughly midway between the 
streams as shown by the dashed lines of figure 8-6. 
Note* Additional lines may be drawn between the spot eleva- 
tions falling between streams and other points of known eleva- 
tion as shown by the lines radiating from the spot elevation 160 
in figure 8-7. Take care, however, that these lines do not cross 
either each other or a stream. 

(4) The points where contours cross the ridges (fourth step) are. 
determined in the same way as the locations where contours cross the 
streams. » 

Taking as an example the ridge which runs from stream junction 
50 to spot elevation 150 (upper left-hand comer, fig 8-7), the 
total difference in elevation is 100 feet. ^ 

The 60-foot contour will cross the ridge 10/100 or 1/10 of the 
way up from the 50-foot stream junction. ^ 

The 14Qrfoot contour crosses the ridge 1/10 of the way down 
from tire 150-foot elevation. / 

The remaining 80 feet are divided into four e/ual parts to locate 
the 80-, 100-, and 120-foot contours. 

Contours crossing a ridge are U-shaped with the curve of the U 
pointing downhill. 

The points where contours cross the other ridgelines are plotted 
in a similar manner ffig 8-8). 
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(5) Since by definition a contour is a line connecting points of equal 
elevation, all that is necessary to draw the contours (fifth step) is to con- 
nect the points previi)usly plotted. 

In drawing the contours one must guard against the tendency to . 

connect points with straight lines, but instead draw the contours 

as smooth curves;which follow the shape of the drains as far as 

possible, . ' 

The method of drawing contour lines is shown in figure 8-9. 
Index contours ar? accentuated (in the case of this problem, the 
100-foot and 200-foot elevations), guide lines and unnecessary 
elevations removed, and contour lines numbered, as in figure 8-10. 
The job is then complete. 
From only a drainage pattern and some scattered spot elevations there 

has been developed a contoured sheet on which the elevation of any point 

may be readily determined, 

5, TOPOGRAPHIC SYMBOLS ^ 

The various symbols used on a map, when possible, resemble the 
features they represent. Most of the symbols used in topographic draw- 
ing may be grouped under the following headings: 

WaterV^^id/df'ainage features (printed in blue). 
Relief, or contours (printed in brown). ^ 
Vegetation (printed in green). 
• Cultural, or man-made works (printed in black). 





Figure B-IL Symbols for water and drainage features, 
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Figures 8-11. 8-12, and 8-13 illustrate a few of the symbols used for water, 
vegetation, and culture respectively. The method of representing relief 
was covered above. No suggestion' is needed as to the method of their 
execution, and no attempt is made her^n to Include all the symbols 
which might appear on a map. . Anyone familiar with the use of road 
maps will recognize many of the symbols given 'and their use. A legend 
on the map usually explains the symbols used thereon. 




Q Q & ^ & 

® G © ^ 5J 
Orchard 



^J!ir:2i;r|iv.i:f': 
Cultivated Land 



Figure 8-12. Symbols for vegetation features. 
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Figure 8-13. Symbols for cultural features, 

6. PRACTICE WORK 

Work the true at false exercises which follow to determine just 
how well you understand the practices used' in drawing maps. Check 
your answers with the solutions at the back of the booklet. Restudy 
the attached memorandum where necessary. DO NOT send in your 
answers to these exercises. 
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Some types'-of maps, like isometric drawings, show three 
dimensions on a single flat piece of paper. 


T 


F 


2, 


When classified according to type of information a map 
may show information that is true or imaginary. 


T 


F 


3, 


If map A is drawn to scale 1:1,000,000 it is considered 
ta be a very large scale map. 


T 


F 


4. 


Topographic maps show information by topics as shown 
in the title block. 


T 


F 


5- 


The third dimension is shown on relief maps by the 
use of contour lines. 


T 


F 


6. 


Most maps have three or more graphic scales in different 
units of measurement. 


T 


F 


7, 


A line drawn on a map to show a state line is an example^ 
of real information. 


T 


F 


8. 


In the scale ratios of maps, the larger the denominator 
sthe smaller the scale. 


T 


F 


9. 


The symbols used on maps are drawn true to scale 
of the map. 


X 


F 


lo: 


The most widely used method of showing heights and 
depths on a map is by use of contour^ lines. 


T 


F 



EXERCtSE^^ 



First requirement. Exercise 1 is intended to give you an oppor- 
tunity to demonstrate your ability to apply logical contouring in the 
plotting of relief features on a map. follow the instructions carefully; 
your work will be graded on neatndss, completeness, and accuracy. 

Plate T is a surveyor's plane table sheet showing the drainage pat- 
JCShi o£an area. The requirement is to complete this sheet to show the 
contour lines at 10-foot intervals. Observe the following: 

Use logical contouring method (steps 1 through 5. paragraph 
4b). 

Determine and record elevations at stream junctions A, B, C, and 
D (use HB pencil to record elevations). 

Use 4H pencil to sketch ridgelines between streams. 

Use 2H pencil t© mark the V*s and U*s where 10-foot contours 
cross streams and ridgelines. The elevation numbers should 
be marked lightly to allow easy erasure and relocation of num- 
bers if desirable. 

Use 2H-pencil to complete (connect) all contour lines and HB pen- 
cil to letter the elevations at 10-foot intervals. 
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Retrace the 250-foot ^and 300-foot contours with HB pencil so that 
they will stand out as index contours, similar to the 100-foot 
contour in figure 8-10. 

Second requirement. Solve multiple-choice'exercises 2 through 1 1 
to show that you understand the elements of topographical drawing, 

2. / 

In drawing military maps the heights and depths <5f the area are 
indicated by: 

a. use of isometric plotting paper 

b, symbols on a single view' 

c, drawing a side elevation 

d. Arabic numbers in margin 



3. 

A piilitary map is a map which shows information: 

a. of no use to the general public 

b. not required by the naval forces 

c. of military nature in the area 

d. which is classified as confidential or secret 



The scale given on a map is the ratio of 

a, a map distance to the corresponding ground distance 

b, a ground distance divided by the corresponding map distance 

c, the map area to the corresponding ground area 

d, the ground area to the corresponding map area 



How many scales are used to construct a map? \ 

a. one only c. three only 

b. two only d, three or more 



How many graphic scales are usually shown on a map? 

a. one only c. three only 

b. two only d» three or more 
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A relief drawing is a topographic drawing of an area which shows 
natural features, and in addition 

a. the different scales used in constructing it 

b, all man made features 

e. the location of proposed public works 

d. some indication of heights and depressions 

■* 

8. . 

Logical contouring is a method of drawing contours on maps: 

a. without making field survey, by estimating by eye 

b. from surveyors field data sheets and spot elevations where slope 
changes 

c. by use of pure logic that water flows downstream 

by passing imaginary planes frpm stream junctions to high points 
where slope changes, ^ 

9. 

The symbols used on maps are drawn: 

a. to exact size for accuracy in measurement 

b. with all symbols reading from bottom or right side 
to an exaggerated size for legibility 

d. to the scale shown in the legend ; 

10. X 

To obtain the best Jesuits in logical contouring is should' bet 
a. done in 5 steps beginning with highest spot elevation 
"b. approached systematically in a sequence of five stips 

c. done in the field where it can be checked for errors 

d. done by use of (^pecial) drafting instruments 

IL 

Which one of the following statements is not a true characteristic 
of contours? 

a. contours never fork 

b. contours are smooth curves 

c. all contours are closed curves 

a. contours crossing streams are V shaped pointed down stream 
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LESSON 9, 

DRAWING REPRODUCTION 

CREDIT HOU^S 2 

^ TEXT ASSIGNMENT Attached memorandum. 

MATERIALS REQUIRED None. 

LESSON OBJECTIVE To acquaint you with the commonly used 

^ ^ methods for Reproduction of drawings, 

arid to point up the importance of good 
droftsmanship^fS^rocure good repro- 
ductions. V 

SUGGESTIONS Refer to the suggestions mode for lesson 1. 

ATTACHED MEMORANDUM 

1. REQUuitEiV^ENT FOR REPRODUCTION 

A drawing when completed represents too much time and effort to 
be treated casually. It is a valuable record, and must be preserved with 
care. If an original drawpg were to be usfed on the job and passed from 
^ man to man, it would soon become worn and too dirty to read. For this 
reason, working drawings used on a job iare almost always reproduc- 
tions of original drawings prepared in thef drafting room. The original 
, may be either a pencil or an ink drawing made on translucent tracing 

paper or tracing cloth. 

In this study of engineering drawing you have worked with 
J pencil on di'awing paper only. However, you have progressed 

through the essential steps of preparing working drawings. 
Drafting requirements are basically the same whether you ^e 
Required to produce pencil lines or inked lines on tracing paper 
or tracing cloth. Pencil or ink lineweights should be sharp, 
opaque» and uniform to produce a clear, sharp reproduction of 
the original drawing. ^ ^ 

2. REPRODUCTION PROCESSES 

There are a number of different processes for reproducing drawings, 
all of which give best results from inked tracings. However, pencil 
drawings on tracing paper give satisfactory results when the penciling 
is done skillfully. In fact, very few drawings are inked; only those of 
a permanent nature such as those required for map reproduction, charts, 
and so on, are inked. The various methods of duplication may be divided 
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into three categories: contact, photo, and copy. The method to be usea 
depends on a number of factors. ' One factpr, of course, is the type of 
duplicating equipment available; another is the relative cost of the various 
processes; and a third is the use to which the cUiplicate will be put. The 
most widely used reproduction processes are described briefly. 

3, CONTACT PRINTS ' * " 

All contact printing processes involve photochemical processes of 
one type or another. The paper upon which* the drawing is to be printed 
is coated or sensitized with a chemical preparation affected by the action 
of light. When such paper is exposed to light in a printing frame, or 
machine, with- the tracing so positioned (used as a negative) that the 
light must pass through the tracing to reach the sensitized paper a 
chemical reaction is produced ^in all parts of the print except those which 
are protected by the opaque (pencil or ink) lines of the drawing. After 
the papjer has been exposed a sufficient length of time, it is removed from 
the printing frame or machine and subjected to a developing bath and 
fixing bath, br to a fixing bath only, according to the method employed. 
Th.e impm^tant item in making such prints is to be sure that 
the sensitized paper adheres so closely to the back of the trac- 
ing thit no light can leak between it and the drawing lines. 
When space is left betw^eii the drawing and the sensitized paper, 
the lines on the reproduction will be fuzzy. ' 

a. Blueprints. Blueprinting is the oldest and most generally used 
of the modem processes for reproducing drawings in quantity. They 
appear to be white line drawings on a blue background. The pnpts are 
made by exposing a piece of sensitized paper and a tracing in close con- 
tact with each other to sunlight or electric light in a printing frame 
or machine nkde for that purpose. Blueprints can be made from a 
typewritten she^ if carbon backed so as to produce black imprints on 
both sides of theSsheet. Changes may be made on blueprints by using 
ahs^lkaline solutioik in a writing or* drawing jJen. 

\ (1) Blueprint Vapers are available in various speeds and in rolls 
of vaticius widths, or V^y obtained in sheets of specified size. The 
coatefl/side of fresh paper is a light yellowish-green color. It will grad- 
ually kurn to a grey-bluish color if not kept carefully away from light, 
and lOT^eventually be rendered useless. For this reason, it must be 
kept wrapped or be stored in light-tight containers. The length of 
exposure depends NOT only upon the kind of pamper used and the intensity 
of the, light, but also upon^'the age of the paper. **The older the paper 
the quicker it prints and the longer to wash; the fresher the paper 
the slower it prints and the quicker to wash." 

(2) Sun frame* The simplest equipment for making blueprints 
is a sun frame. It has a glass front and removable back, somewhat like 
a picture frame. .In loading: the back is remeved and the drawing is 
inserted with the inked side against the glass; the blueprint paper is 
placed with its sensitive side against the drawing; and the back of the 
frame is closed (anchored) so that it exerts enough pressure to insure 
a perfect adherence of the tracing and the paper. When the glass front 
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of the frame is exposed to bright sunlight, the sensitized paper will print 

in from 20 seconds to 4 minutes. 

The fact that prints can only be made when the sun is shining 
is an inherent disadvantage of the sun frame. Also, large 
drawings cannot be printeci because frames to accommodate 
them would be too cumbersome to handle. 
(3) Development. After exposure, the blueprint paper is washed 

in clear water and the parts that were exposed to light turn dark blue ; the 

parts that were protected from the light by the lines on the drawing 

wash clean of the chemical coating, leaving the original white paper. 

Dipping the blueprint in a solution of potassium dichromate fixes it. 

Fixing makes it m^ore permanent. Then it is washed in clear water a 

second time. 

<4) Blueprinting machines* Modem blueprint machines are avail- 
able in non-contimious types in which cut sheets are fed through t^ie 
blueprint machine for exposure only and then washed in a separate 
washer. The continuous blueprint machine combines exposure, washing 
and drying in one continuous operation. Both, types of machines use 
carbon arcs as the light source. 

Vandyke prints and blueline prints, A vandyJce print is composed 
of white lines on a dark brown background made by printing, in the same 
manner as for blueprinting, upon a special thin paper from an original 
pencil or ink tracing. Vandykes can be used. as negatives from which -^ 
to print other duplicates, whereas this is not true of blueprints; then 
this negative can be printeid on blueprint paper, giving a positive print 
with blue lines on white. The reversed blueprint or **bluehne blueprint'' 
is often preferred because it can be easily marked on with an ordinary 
pencil or pen. Blueline prints have the disadvantage of soiling easily 
with ha^^jUing in the shop. 

^ (1) Vandyke paper is a thin, sensitive paper which turns brown 
when it is exposed to light. Since vpdyke paper is transparent, the 
lines on a vandyke (brownprint) are transparent. Therefore it is used 
as a negative from .which to make other prints. 

(2) Printing and developing* As has already been indicated van- 
dykes may be made on regular blueprint machines. However, different 
chemicals are used in coating the paper and fixing it after it has been 
printed. The developing solution, commonly called hypo, is made of four 
ounces of fixing salts to a gallon of water. Vandykes myst be dried like 
b)^eprints after^ttiey are developed/ A set of two liquids is available 



€• Ozalid prints* Ozalid prints are' used extensively when positive 
prints are desired. They may have black, blue, or red lines on white 
backgrounds, according to the type of paper used. All have the advan- 
tage of being easily marked upon with pencil, pen, or crayon. 

(1) Ozalid paper is coated with certain dyestuff intermediates 
which have the characteristic of decomposing into colorless substances 
when exposed to actinic (ultraviolet) light. On the other hand, ^ they 
reatJt with coupling components to form diazo dyestuff (the printed lines) 
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.upon exposure to ammonia vapors. Unlike blueprint paper, ozalid ma- 
terials can be handled under normal indoor illumination. 

(2) Printing and developing. The ozalid method of reproduction 
is based upon the transmission of light through the original for the repro- 
*duction of positive prints. There is no negative step involved; positive 
prints are made directly from the drawing tracings. The subject matter 
may be pen or pencil lines, typewritten or printed matter, or any opaque 
subject It involves two simple steps — exposure and dry development. 
Exposure is made in a printer equipped with a source of ultraviolet light, 
for example, a mercury vapor lamp, carbon arc, or even by sunlight, 
A regular blueprint machine may be used. The exposed print is dry 
developed in a few seconds in an ozalid developer which releases am- 
monia vapors* A special ozalid machine combines exposure and de- 
velopment in onj continuous operation. 

cl^ Black and white (BW) prints- BW prints^ have black lines on 
a white background and like ozaUd prints may be made from ordinary 
pencil or 'inked tracings by exposure in the same manner as for blue- 
prints, directly upon special blackprint paper. Exposure may be made 
in a blueprint machine or any machine usihg. light in a similar >Mray, 
However, the prints are not washed, as in blueprinting, but must/te fed 
through a special developer which dampens the coated side of Xne paper 
to bring out the black lines of the print. A popular printer expdses and 
develops BW paper in two separate operations: (1) the tracing and 
BW paper are fed into the printer slot, and when they emerge, (2) the 
BW paper is then fed through the developer slot. Within a minute or 
two after developing, the prints are practically dry and are re?idy for use, 
BW prints, together with ozalid prints,- are coming into greater 
use and eventually may largely replace the more cumbersome 
blueprint process, 

4. PHOTOSTATS 

The photostat machine is essentially a specialized camera. Photo- 
stats are printed by focusing the image through a lens, as in the making 
of a photograph. Unlike a photograph, the photostat negative as well 
as the positive is ma1ie directly on sensitized paper rather than on film. 
Also, photostat negatives are not reversed images as are photographic 
negatives. A photostat print may be y|^same size, larger, or smaller 
than the original; large drawings can e^Rbe reduced to letter size for 
use in engineering reports. 

a. Procedure. The original may be transparent or opaque. It is 
simply fastened in place and the camera is adjusted to obtain the desired 
print size. The print is made, developed, and dried in the machine with 
no dark room required. The result is a negative print with whit,e lines 
on a near-black background. A positive print having near-black lines 
on a white background is made by photostating the negative print, 

b. Disadvantages. Photostats have certain inherent disadvantages 
as compared with contact prints. Even the best photostats are not as 
clear as good contact prints and there is a certain amount of distortion 
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when they are enlarged or re^ed. If just the negative is reduced or 
enlarged, the distortion is ajmost. imperceptible. If the positive printed 
from this negative is further reduced or enlarged, the distortion is greater. 
Another disadvantage of photostats is thi^ir size limitation. The maxi- 
mum size is 24 X 36 inches. If a larger size is required for some types 
of work, the print must be made in two or more overlapping pieces. 

5. COPYING METHODS ^ 

Small drawings are often duplicated by such methods as the mimeo- 
graph and other forms such as the hectograph or gelatin pad. 

a. Mimeographing. While mimeographing is especially used for re- 
producing typed materials, it can also be very satisfactory in reproducing 
small and fairly simple drawings. The excellence of the reproduction of 
such drawings will depenfl upon the skill of the draftsman in drawing upon 
the stencil. However, mimeograph manufacturers have now developed a 
photochemical t)rocess by means of which a complicated drawing may be 
reduced and incorporated into the stencil, which is then used to produce 
vety satisfactory prints." ^ 

b. Hectographing. In the hectographing process an original is pro-* 
duced by typing on plain paper through a special carbon paper or drawing 
with a special pencil or ink. This original is then placed on a gelatin pad 
which absorbs the coloring fropa the lines made on the paper. The original 
is then removed and prints are made by bringing sheets of blank paper in 
contact with the gelatin. A number of different machines using this basic 
principle are available. 

c Gclatia duplicator. The gelatui duplicator is used largely in map 
reproduction to print small quantities of line sketches and to overprint on 
existing maps. Various colored dyes (inks) are applied to the gelatin sur- 
face to form the printing image. This image is printed by placing paper 
in contact with the gelatin so some of^e dye is transferred to the paper. 
Since the original inked image can only make a limited number of copies 
(25 to 100) and the ink cannot be replenished, the color intensity dimin- 
ishes with each impression until the dye is exhausted and prints are illeg- 
ible. 

6. PRACTICE WORK 

As in preceding lessons this practice work gives you an opportunity 
to see for yourself just how well you understand the material presented 
in this lesson. Solve the following true or false exercises, then check yotir 
answers with the solutions at the bacic of the booklet. If ^ou find that 
'you have missed an answer, refer to the reference given and restudy. DO 
NOT send in your answers to these exercises. 

1. Before working drajiiifigs are sent to the shop, exact du- 
plicates are made' and filed. 

2. The best reproduction copies of working dra<vings are 
made from inked tracings. 

3. The method of duplication is partially determined by its 
intended use. 
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4, In general, all contact printing processes are based upon 

the action of light on a chemically coated paper. T F 

5. To assure clear, sharp lines on any type of duplicate 
copies, space is left between the drawing and sensitized • 
paper to afford good light action. T F 

6» New and unexposed blueprint paper is blue-grey in 

color. fj% p 

7, A Vandyke is used to produce blueline blueprints. T F 

8, The ozalid process is based on the action of sunlight on 

paper sensitized with ammonia vapors. T F 

9, BW prints may be developed in a regular blueprint ma- 
chine, fj* p 

10, A photostat negative present^ a rev^ersed image. T F 

EXERCISES 

First ret{uirQment. Multiple-choice exercises 1 througb 6 pertain 
to the general requirements for the reproduction of working drawings. 



The drawings used by workmen on the job are almost always: 

a. Vandyke prints made by a blueprint machine 

b. duplicates of the original drawings 

c. carbon copies made by mimeographing 

d. made by gelatin duplicators 



The duplication process used to make extra copies of working draw- 
ings is largely dependent on the: 

a. kind of equipment available 

b. experience of the draftsman with the process 

c. probable future need for the original drawing 
cost as provided in ,the contract ^ 

3. 

To obtain clear sharp duplicate copies, it is necessary that the orig- 
inals be: 

a. inked with all lines of equal weight 

drawn in pencil or ink with uniformly opaque lines 
c folded so that creases do not blank out important lines 
d- carefully^' preserved and *filed for future use 

9 — 6 
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^ 4. 

Original working drawings prepared for reproduction should be: 

a. drawn to same scale as blueprint machine 

b. traced in waterproof ink i 

c. drawn on translucent material 

d. carbon backed if drawn by pencil 

5. 1 
Drafting requirements for making pencil or inked tracing^ are: 

a. more exacting than drafting work on drawing paper 

b. dependent on the type of reproductions to be made 
c usually left up to the draftsman to decide ^ 

d. basically the same as for pencil drawings on paper 

6. 

Which of the following types of drawings are generally inked? 

a. general c structural 

b. charts d. shop 

Second requirement. Solve multiple-choice exercises 7 through 15 
to show your understanding of the types and methods of producing 
contact prints. 

7. 

In contact printing the tracing generally serves as a: ^ 

a. positive • c. translucent material 

b. negative d. opaque medium 

Close adherence of the sensitized paper to the back of the tracing 
prevents: ' . ^ ^ 

a. slipping c. over printing 

b. light leaks d. under exposure 

If blueprint'papers are not carefully stored away from light rays they 
will gradually turn: 

a. grey-bluish in color and become useless 

b. yellowish-green which increases its shelf life 

c. greenish-blue in color and become useless 

d. yellowish-grey without loss in usefulness 
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^ 10* 

Tfee^^inting and development time for blueprint paper varies with 
■ the age of the paper as follows: 

older paper prints faster and takes less time to wash 

fresh paper prints faster and takes less time to wash 

c fresh paper prints slower but takes longer to wash 

&• older paper prints faster but takes longer to was^^ 

IL 

The fixative used in developing blueprints is: 

a. hypo c. ammonia 

b, potassium dichromate d, fixing salts 

12- ^ 

When using an inked tracing and vandyke paper in a blueprint ma- 
chine the first result is a: 

a. Vandyke negative or white lines on dark brown background 

b, Vandyke positive or bluelines on white background 

c Vandyke negfative or brown lines on white background 
d, Vandyke positive or white lines on blue background 

13, V ^ 

Ozalid prints may be made with red, blue or black lines on a white 
background by: 

a* using print paper of a complimentary color 

b. developing the prints in a special color solution 

c. selecting print with proper coating for desired color 

d. careful developinent in a regular blueprint machine 

14- 

The ozalid process consists of two steps as follows: 
a. exposure to ultraviolet light and dry development in ozalid vapors 
exposure to blue light and washing in liquid ammonia^ 

c. exposure to ultraviolet light and dry development in ammonia vapors 

exposure to ammonia vapors and development in sunlight 

m 

15. 

The BWprocess for reproducing drawings uses a special blackprint 
paper, and is similar to blueprinting but the: 
a. operation is too -costly for ordinary use 

exposed papers are passed through a special developer 
c- process is slow and the operation is complicated 

d. washing process is reversed " 
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Third requirement. Multiple-choice exercises 16 through 20 per- 
tain to photostats and copy processes. 



16. 



/ 



If a drawing mvist be reproduced in a size smaller or larger than the 
original, the process best suited would be the: 

a. mimeograph c. gelatin pad ^ 

b. photostat d. hectograph 

17. : 

To obtain nearly black lines on white background by using a photo- 
stat machine it is necessary to first: 

a. moimt the original upside down 

K. ^make a vandyke negative of white lines on brown background 

c. use a filter as in making a photograph 

d. make a photostat negative of white lines on a near-black background 

IS. 

\ 

Satisfactory results in reproducing small drawings by mimeograph is 
largely dependent on the: 

a. draftsman's ability to draw on stencils ^ 

b. simplicity of the drawing ^ 
c- photochemical process incorporajted in the stencil 

d. kind and quality of equipment available 

19. 

In the hectograph process the original is prepared by: 

a. drawing on i^ecial paper 

b. drawing on a gelatin pad 

c. a special process camera 

d. using special carbon paper or drawing with a special pencil 

20. 

Which of the following is generally used to overprint colored contours 
on maps? 

a* colorometer c. gelatin duplicator 

photostat machine d. mimeograph 
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SOLUTIONS TO PRACTICE WORK 



if your answer is incorrect, refer to the reference indicated in paren- 
theses* 



LESSON 1 

1. iFour plate A should look like figure 1-5, Check your work to see that 
you have done the following points correctly:* 

a. Auxiliary view is correctly located with respect to given views. 

b. Projection lines are properly extended? 

c. Two major dimensions of auxiliary view agree with same dimen- 
sion in the principal view from which it is taken, 

d. All lines of foreshortened length omitted*. 




AUXILIARY ELEVATION 



RIGHT AUXILIARY VIEW 






REAR AUXILIARY yi£W 



^ USING LEFT AUXILIARY VIEW TO FULLY 
DESCRIBE PARTIAL SIDE VIEW. 



Figure 1'5. For twe with practice exercise U 
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r 



2. 


T 


(par 1) 




(par 2fe) 


3. 


T 


(par 1) 


10. d 


(par 3fe) 


4. 


F 


(par 2d) 


11. c 


(paf 4) 


5 


F 






vpar rt; 


6. 


•F 


(par 2a) 


13. c 


(par 4c) 


7." 


a 


(pars 1 2a) 


14. A 


(par 5) 


8. 


c 


(par 1) 


15. 


(par 6) 



LESSON 2 



Exercises 1 through Jf, Your plate D should look like figure 2-13. 
C!heck your worl^ carefully to be sure that projected measurements are in 
the proper direction for all dimensions, and that the isometric drawing of 
each object is complete. Note omission of hidden lines. 

5. F (pars 2a and 3a) 8. F (par 3c) 

6. • T (par 3a) 9. T (par 3d) 

7. F (par 3) * 10. (par 1) 





Figure For use with practice exercises 1 through Jf, 
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Construction Line (USE 6H PENCIL) 
•Crest Line (USE 4H PENCIL) 

-Root Line (USE ZU PENCIL) 




From TaWe I - NC THREAD • 8 THREADS PER INCH. Thus P=-^ 



MAJOR DIA. 
-•-Not less 
than 76 



-1-lROOTDIA 



■Crest line 



-Root line 



-•-•ImAJOR DIA. 



Not less 
I 



thon -jg 



© 



Crest line 



I 

09 




Y 



© 



roli 
II 

O 



|3 n- 7 
_f7 4 



© 



^90 ^ 



I 

A 



■Rivet Hole-^ 



-Symbol for 
fillet weld 



® 



^ V 16 

Finish Symbol 

Size-/ \— Contour 

Symbol 
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Figure S-IS, For use with practice exercise L 
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LESSON 3 ^ 

1. Your 'plate G should look like figure 3-18. Check your work carefully 
to be stlre that the drawing requirements of each block A through 
D have been followed correctly. In particular, compare the follow- 
ing: • 

a. Line weights (did you use the proper pencil?). 

b. Block A should show 8 threads per inch (see table I). 
c: In block B, did you chamfer the bottom ends at 45"*? 

d. Did you apply the correct formulas in drawing .the bolth^ad an^ 
nut (block C) ? 7 ' 

6. Did you use the correct weld symbols for the weldii^g sjrmbol 
(item 3, block D), and *vere they correctly located? 

7. h (par 26) ^ ^ 



2. 


F 


(par 2) 


3. 


F 


(par 2a) 


4. 


F 


(par 35) 


5. 


F 


(par 4b) 


6. 


c 


(par 2a) 



f: 



8. d (par So) 

9. c (par 4o) 
10. c (par 5c) 




LESSON 4 

1. Your Tplate I should look like figure 4-31. 
Note, To determine the number of risers: 

Let 8'-2" = .98 inches, then 
98 

try = 15.077 (not even) 
6.5 

98 ' 

try — = 14.0 (even) 
98 

1* ^ ^ ^ 13.066 (not even)^^ 
• 7.5 

Use 14 steps with T rise and 11" tread. This is standard 18" 
rise and tread. . - 

2. T (par 1) 

3. F (par 3b) 

4. F (par 5c (4)) 

5. T (p^r 5c(9)) 

6. F (par 6) 



7. 


T 


(par 75) 


8. 


F 


(par 7d) 


9. 


T 


(par 8) • 


10. 


T 


(par 8e) 


11. 


T 


(par 9o) 



2 




Figure 5-8. For toith practice exercise 1. 



LESSON 5 ' 

1. Your plate K should look like figtire 5-8. In checking your work note 
the following: 

a. ' Point number 7 is located in the front view at the intersection 
of the pyramid (P-5) with the upper plane surface of the prism 
as shown by edge AB in the phantom side view. 

6. Point number 9 is located at* the intersection of the edge P-3 with 
the lower edge of the prism shown at C in the phantom side view. 

c. The upper plane surface of thi& prism 7-AB is parallel to the base 
plane of the pyramid. Hence the face plane of the pyramid P 
3-4 cuts the twa parallel planes in parallel lines shown as 7-10 
and 3-4 in the top view. Also lines 7-8 and 2-3 are parallel. 

d. Points 8 and 10 are fixed by drawing horizontal edges of prism 
' B to 8 and-from A to 10 in the top xjew. 

e. The development is constructed by usmg the true lengths of the 
edges of the pyramid as shown by P-6f or P-3 in front view, and 
true length of base lines 6-1, 1-2, and so on, from top view, 

/. Points 7 and 9 are easily Ipcated in the development from true 

lengths P-7 and P-9 in front view. 
g. To locate point 10 on the development, P-10 is drawn in the top 

view and then ^extended to intersect baseline 3-4 at point 11. The 
* distance 4-11 iff a true* length in the top view and is transferred 

to 4-11 in development. 



The true length of P-10 Is determined as described in paragraph 
3c (lesson 5) of the attached memorandimi, and transferred to 
the development to locate point 10.' Point 8 is located in the 
same liaanner. 
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Figure 5-9. For use AOtth practice exercise 2, 

* 

Your plate L should look like figure 5-9. In checking your work note 
the following: 

a. Since all elements of the cylindrical surface are parallel to the 

vertical plane of projection, their true length is taken directly 

from the front view. 
&. The bottom view is used to find the length of the stretchout line 

by stepping ott the same number of subdivisions as indicated by 

the nmnbered elements. 

c. The upper base is projected on an auxiliars^lane parallel to it. 

d. » Eaph chord of .the upper base (for example 5-1) is parallel to the 

base plane, and its true length is determined in the bottom view 
as the chord 5-1 passing through the major axis at point 13. The 
dividers are set at half the^diord length to locate points 5 and 1 
in the auxiliary view. \ 





3. 


P 


(par 1) 




■ 4. 


T 


(par 2) 




5. 


P 


(par 3) 




6. 


T 


(par 1) 



7. 


F 


(par 2a) 


8. 


F 


(par 2b) 


9. 


T 


(par 3c) 


10. 


F 


(par' 2c) 
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Figure 6^15, For use with practice exercises 1 through If. 
LESSON 6 

1. The motion diagram for exercise 1 is constructed as shown on figxire 
6-15, 

2. Your plate cam should check with the cam shown on figure 6-15. 

3. The gear calculations for exercise 3 are as follows: 

Pd =-N/D = 40/10 = 4 . 

Do = (N + 2)/Pa = (40 + 2)/4 = 10.5 inches, or Ro = 525 
inches- 

a = 1/P., = 1/4' = 0.25 inches 

b = 1.157/Pu = 1.157/4 = 0.289 or 0.29 inches 

DR = p-2b = 10-2x 0.289 = 9.422 or Ru = 4.711 inches 

p = x/Pd = 3.14/4 .= 0.786 inches 

t ='p/2 = 0.786/2 = 0.5511 inches 

4. The gear required in exercise 4 is shown on figure 6-15. 

Radius Qf base circle = Jf.82 inches 

Radius of tooth face = ^4, pitch radius = 5/4 = 1.25 inches 

5. T (par 15) 8. (par 3c) 

6. F (par, Id) 9. F (par 4) 

7. T (par 2) 10.. T (par 5a) 

P — 8 ' 



LESSON T 



- 1. Your pZafe iZ should look like figure 7-12. Check your work carefully 
to be sure that you have us^ the correct line conventions. 




CB PANEL "A** 



SERVICE 



Figure 7-12. For use unth practice exercise L 
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(par lo(l)) 
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(par lb) 


4. 


' c 


(par 2d) 


5. 


d 


(par 3b(3)) 


6. 


c 


■ (par 6c). 


LESSON 




1. 

* 


T 


(par 1) 


2. 


T 


(par la) 


3. 


F 


(par lb) 


4. 


F 


(par Ic) 


5. 


T 


(par 3) 



7. 


T 


(par lb) 


8. 


F 


(par lb (2)) 


9. 


T 


(par 4o(3)) 


10. • 


F 


(par 4b (4)) 


11. 


T 


•(par 4c) 


6. 


T 


(par 2) • 


7. 


F 


(par la) 


8. 


T 


(par lb) 


9. 


F 


(par 5) 


10. 


T 


(par 3) 



LESSON 9 

1. F (par 1) 

2*. T (par 2) 

3. T (par 2) 

4. T (P^ 3) 

5. F (par 3t 
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6. 


F 


(par 3a (D) 


7. 


T 


(par 3b) , 


8. 


F 


(par 3c(l)) 


9. 


F 


(par 3d) 


.10. 


F 


(par 4) 
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SUBCOURSE 131-9 Engineering Drawing II. 

LESSON 1 . . . . ; Auxiliary Views, 

SOLUTIONS 

♦ 

Exercises 1 and 2 have a weight of 25 each, 

1. (see solution plate B) ^ 

2. (see tolution plate C) 



Each of exercises 3 through 12 has a weight of 5; paragraph references 
to the attached memorandum. * 



( 

3. d (par 1) 8. d* (par 5) 

4. 6 (par 2a) ^ ' 9. 6 (par 5) 

5. c (par 2c) 10. a (par 3a) 

r A 

6. d (par 3b) * 11. ^ (par 6) 

7. 6 (par 1) ' 12. d (par 6) 



All concerned will be careful that neither this solution nor infomia- 
ation concerning the same comes into the possession of s^udehts or pro- 
spective students who have n»t completed the work to which it pertains. 

EDITION 9 (NID 906) . • 1 — 1 
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SUBCOURSE 131-9 ' Engineering Drawing II. 

LESSON 2 .- Isometric Drawing. 

SOLUTIONS 

V 

\ 

Exercises Land 2 have a weight of 25 each, \ 

1. (see solution plate E) 

2. (see solution plate F) 

Each of exercises 3 through 12 has a weight of 5; paragraph references 
are to the attached memorandum, other references as noted. 

3. B (par 3e) • 8. o (par 3c (2)) 

4. d (fuU scale: 12" = 1'^') 9.' 6 (par 3c (1)) 

5. a (par "3) . flO. d (par 26) , 

6. c (par 1) 11. c (par 26) ■ " 

7. o (par 1) 12. 6 (par 3d) i 



^ CORRESPONDENCE COURSE OF ^ 
H U. S. ARMY ENGINEER SCHOOL § 

« 

SUBCOURSE 131-9 Engineering Drawing II. 

LESSON 3 Screws, Bolts, Rivets and Welds. 

SOLUTIONS 

Exercises 1 and 2 have a: weight of 25 each. 
1 (see upper half of solution plate H) 
2. (see lower half of solution plate H) 



Each of exercises 3 through 12 has a weight of 5 ; paragraph references 
are to the attached memorandum. 



3. c (par 2&(1)) 8. c ..(par 3b, fig 3-7) 

4. o.(par2&(2)) ' ' 9. 6 (par 3a) 

5. d (par 2c, table I) 10. d (par 4o, fig 3-9) 

6. d (par 3a) 11. c (par 45) 

7. b (par 3a) ' 12. a (fi^ 3-10 and 3-15) 
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SUBCOURSE 131-9 Engineering Drawing II. 

LE§SON 4 Detail and Assembly Practices. 

\^ SOLUTIONS 

Exercise 1 has a weight of 20. ^ ^ 

1. (see solution plate J) 

Each of exercises 2 through 21 has a weight of 4; paragraph references 
are to the attached memorai^dum. 

2. h (par 3)- . . 12. a (par 6c) ' • 

3. (par 3a) 13. d (par 7a(l)) 

4. a (par 3&) * 14. ^ .(par 7a(2)) 

5. d (par 5&) 15. & (par 75("l)) 

6. c (par 5&) is. a (par 7c) 

7. a (par 5c (3)) . 17. & (par 7e) 



8. a (par 5c (4)) ^8. d (par 7e) 

9. c (par 60 (2))- ' 19. c (par 8c) 

10. & (par 6&) 20. & (par 80) 

V 

11. c (par 21. d (par 9&) 
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"ISUBCOURSE 131-9 Engineering Drawing II. 

SSON 5 Intersec^ns and Developments. 



SOLUTIONS 



Exercises 1 and 2 have a weight of 25 each. 

1. (see solution plate M) 

2. (see solution' plate N) 

Each of exercises 3 through 12 has a weight of 5; paragraph references 
■ are to the attached memorandum. 

3. c (par 1) ' 8. c (par 1) , 

4. o (par 2) . 9. & (par 2b, fig 5-2) 



5. d (par 2a, b, c) ' 10. d (par 2c) 

6. b (par 3) 11. c (par 1) 

7. a (par 3o) 12. , & j(par 3c) 



A. 



5 — 1 
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SUBCOURSE 131-9 Engineering Drawing II. 

LESSON 6 . AAachine Drawing. 



SOLUTIONS 



Exercises 1,^2, and 3* have a weight of 20 each. 

1. (see solution plate P) ' 

2. (see solution plate Q) 

3. (see solution plate Q) 



Each of exercises 4 through 13 has a weighV of 4; paragraph references 
acre to the attached memorandum. 



4.* d (par 1) 



•5. c (par Ic) 



6. a (par 2d) 



7. b (solution plate Q> 

8. a (solution^plate Q) 



.9. c (solution plate P) 

10.. , (solution plate P) 

' -' , • - , 

11. b ■ (par 3) 



12. c (par 4b) 

13. h (par 5a) 
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SUBCOURSE 131-9 Engineering Drawing ri. 

LESSON 7 Architectural and Structural Drawing. 

SOLUTIONS 

^JEbcercise 1 has a weight of 25. 
1. (see solution plate S) 

Each of exercises 2 through 16 has a weight of 5; paragraph references 
are to the attached memorandum, ^ j 
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(par 4a) 
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"12. 
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(par\2d(2)) • 
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13. 
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(par 5b)* 
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ipai-S) ; 
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(par 5b (2)) 
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(par 3) , 


15. 
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(par 5b (2)) 


8. 
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(par 3o) / 


16. 
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(par 5b (3)) 


9. 
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(par 3d) ^ 
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SUBCOURSE 131-9' Engineering Drawing II 

^ESSON 8 Map Drawing, 



SOLUTIONS 



Exercise I has a weight of 50. 
1. (see solution plate T) 



Each of e^cercises 2 through 11 has a weight of 5 ; paragraph references 
are to the attached jnemorandum. • 
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(par.l) 
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(par 3) * 
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(par Ic) 


. ■ 8. 
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(par 4) 


' 4.' 
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. (par 2) 
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(par 5) 
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,(par 2) 
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■s 

(par 4aX 


6. 
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..(par' 2) \ 


ii. 


d 
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SUBCOURSE 131^9 Engineering Drawing II. 

LESSON ? . . t *. . . r Drawiftg Reproduction. 

SOLUTIONS 

/ 

Each' exercise has a weight of 5; paragraph references -are to the attached 



memorandum. 
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1. b (par 1) 
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5. a (par 1) 
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(par 3b) 




3. & (par 1) ^ ^ 
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8. 6 (par 3) ^ 
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9. a (par 3a (1)") 
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(par 5b)- 
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' DRAW AUXILIARY ELEVATION 





DRAW REAR AUXILIARY VIEW 
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DRAW RIGHT AUXILIARY VIEW 




DRAW LEFT AUXILIARY VIEW TO FULLY 
DESCRIBE PARTIAL SIDE VIEW 



SUICOUUf N» 

■ 131 



Tint OF SUlCOURSt 

ENGINEERING DRAWING U 



AliXILIARY VIEWS 
Practice exercise I 



PLATE 



57,717- AG- Fl Btlvolr 



ERIC 



194 



196 



i 



Z 

o 
z 

ui 

Of 

< 

Z> 
Ui 

u. 

o 

Qfi 

8 

Z 

o 

to 

z 

I 

UI 



Address . 



\U 3 





LfSSOH K« 

2 


i3i 


— ' * 

ISOMETRIC VIEWS 
Practice exercise 1 
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ON THE GIVEN CENTER LINE DR/W (full siz«) THE SEMICONV^NTIONAL 
THREADS FOR l-?NC-2 SCREW. 



ON THE GIVEN CENTERL IN E .USING APPROXMATE METHOD, DRAW (fulKsIze) 
A REOiL/WR SEMIF Nl^ ^EXAGONAL- HEAD BOLT AND NUT 
DIAMCTERi^5/8; LENGTH' S**. SHOW WASHER FACE ON NUT ONLY. 
USE THE REGULAR THREAD SYMBOL. 
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(1) ON CENTERLWE X-X DRAW (full siie) THE REGU-AR THREAD SYMSa FOR A 

(2) ci? t^N^^WE y^^dm^m^^it) THE SIMPLFIED THREAD SYMBOL FW 
THE SAME SCREW THREAO \ 



f I 
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(D 



(I) ON CENTERLINC A-/^RAW (fult'slzt ) A SMALL FORM Rft^T M^^ Bl/TTON 

HEAD AT TOP AND COUNTERSUNK HEAD AT B0TTOM.(D»l/4 ) 
laS sHW-WVET- CONVENTION, FOR SAME RIVET. COUNTERSUNK 

(3) complete' wdlXHNG^W FOR NEAR SIDE , FLUSH- CONTOUR. 
* CHIPPED FINISH. 3/16 ARC FILLET WElD 
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12 *.|1.71T-AC-ril*l»«lr 



/ 

ERIC 



206 



i 



^ SINGLE THREADS -5 THREADS PER INCH 
OO SEMI-COMVENTIGNAL 



O 
O 
X 

.!/> 



z 

i 

< 

UJ 

X 

K- 
LU 

o 

UJ 

(/> 
oc 

o 

u 

z 
o 

z 



EXTERNAL 
RH LH 



^ RH 

i 





I 

DOUBLE THREADS-6 THREADS PER INCH 
SEMI- CONVENTIONAL 

EXTERNAL 
R H . LH 
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